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(57)Abstract: 

PROBLEM TO BE SOLVED: To actualize the circuit scale and power consumption of 
a decoder of a disk storage device to nearly the same extent as with a general Reed- 
Solomon codes, while using plural SYNCs. 

SOLUTION: As the data format of a sector having plural SYNCs including a 1st SYNC 
and a 2nd SYNC, a data format which has ECC for data recorded between the 1 st 
SYNC and 2nd SYNC and information including the data recorded behind the 2nd 
SYNC is applied, and when the 1 st SYNC can be detected through SYNC detection at 
reading from a target sector, decoding operation including error correction using the 
ECC between the 1 st SYNC and 2nd SYNC is performed to determine a decoding 
result and when the 2nd SYNC can be detected although the 1st SYNC can not be 
detected, a decoding result is determined, according to the information which are 
behind the 2nd SYNC. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Disk storage with which two or more alignment patterns containing the 1st 
alignment pattern and the 2nd alignment pattern for synchronous reservation 
estrange, and are recorded for every predetermined record unit on disk media, and 
information in which the error correcting code to data contains all the data concerned 
more back than said 2nd alignment pattern is characterized by applying the data 
format recorded, respectively between said 1st alignment pattern and said 2nd 
alignment pattern. 

[Claim 2] For every predetermined record unit on disk media, two or more alignment 
patterns containing the 1st alignment pattern and the 2nd alignment pattern for 
synchronous reservation estrange, and are recorded. Between said 1st alignment 
pattern and said 2nd alignment pattern, and the error correcting code to data The 
information which contains all the data concerned more back than said 2nd alignment 
pattern A playback means to reproduce data by detecting said alignment pattern from 
the regenerative signal which is disk storage which applies the data format recorded, 
respectively, and was read from said target record unit, and securing a 
synchronization, When said 1st alignment pattern is able to be detected by the 
alignment pattern detection by said playback means Perform decode actuation 
including the error correction using said error correcting code between the 1st 
alignment pattern concerned reproduced by said playback means, and said 2nd 
alignment pattern, and a decode result is determined. Disk storage characterized by 



providing the disk controller equipped with a decode actuation means to determine a 
decode result based on back information from the 2nd alignment pattern concerned 
when said 2nd alignment pattern is able to be detected, even if said 1st alignment 
pattern is undetectable. 

[Claim 3] The repeat read-out control means which performs control repeated the 
number of predetermined times as long as the condition that said 2nd alignment 
pattern can be detected without said 1st alignment pattern being undetectable 
continues read-out from a record unit made into said target, A majority judging means 
by which a majority judging determines playback information from the information for 
said count of predetermined which contains said back data from said 2nd alignment 
pattern which was read from the record unit made into said target by control of said 
repeat read-out control means, and was reproduced by said playback means is 
provided further. As a result of being able to detect said 2nd alignment pattern, 
without said 1st alignment pattern being undetectable, when the majority judging by 
said majority judging means is performed, said decode actuation means Disk storage 
according to claim 2 characterized by being constituted so that a decode result may 
be determined based on the information determined by said majority judging means. 
[Claim 4] The 2nd error correcting code to said data of small size is contained in the 
information recorded more back than said 2nd alignment pattern of said record unit 
from said error correcting code. When said 2nd alignment pattern is able to be 
detected without said 1st alignment pattern being undetectable, said decode 
actuation means Disk storage according to claim 2 characterized by being constituted 
so that decode actuation including the error correction using said 2nd back error 
correcting code may be performed and a decode result may be determined from the 
2nd alignment pattern concerned. 

[Claim 5] The 2nd error correcting code to said data of small size is contained in the 
information recorded more back than said 2nd alignment pattern of said record unit 
from said error correcting code. The repeat read-out control means which performs 
control repeated the number of predetermined times as long as the condition that 
said 2nd alignment pattern can be detected without said 1st alignment pattern being 
undetectable continues read-out from a record unit made into said target, A majority 
judging means by which a majority judging determines playback information from the 
information for said count of predetermined which contains said back data from said 
2nd alignment pattern which was read from the record unit made into said target by 
control of said repeat read-out control means, and was reproduced by said playback 
means is provided further. As a result of being able to detect said 2nd alignment 
pattern, without said 1st alignment pattern being undetectable, when the majority 
judging by said majority judging means is performed, said decode actuation means 
Disk storage according to claim 2 characterized by being constituted so that decode 
actuation including the error correction using said 2nd error correcting code in the 
information determined by said majority judging means may be performed and a 



decode result may be determined. 

[Claim 6] It is disk storage according to claim 2 to 5 which the error detecting code to 
said data is contained in the information recorded back from said 2nd alignment 
pattern of said record unit, and is characterized by constituting said decode actuation 
means so that the error detection which used said error detecting code for the 
decision of said decode result may also be applied. 

[Claim 7] Each detectable period of two or more of said alignment patterns currently 
recorded on the record unit made into said target is judged. A notice means of 
alignment pattern timing to perform the detectable notice of a period which 
corresponds for every detection period concerned, By whether when an alignment 
pattern is detected by said playback means, the detectable period notified from said 
notice means of alignment pattern timing in that case corresponds to which alignment 
pattern Disk storage according to claim 2 characterized by providing further an 
alignment pattern judging means to judge the alignment pattern of what position was 
detected. 

[Claim 8] Disk storage according to claim 2 characterized by providing further an 
alignment pattern judging means to judge the alignment pattern of what position was 
detected from the pattern class of the detected alignment pattern when the pattern 
classes of two or more of said alignment patterns differ, respectively and an alignment 
pattern is detected by said playback means. 

[Claim 9] The data format control means controlled so that the error correcting code 
to the data concerned is sent out from said disk controller ahead of the data 
concerned at the time of record of the data to the record unit made into said target, 
Said error correcting code and data which are outputted by control of said data 
format control means from said disk controller are received. The error correcting 
code concerned is located between said 1st alignment pattern and said 2nd alignment 
pattern. Disk storage according to claim 2 characterized by providing further a record 
means to generate the record signal of a list with which the data concerned are 
located back, and to send out to said disk-media side from said 2nd alignment pattern. 
[Claim 10] It is disk storage which applies the data format on which two or more 
alignment patterns containing the 1 st alignment pattern and the 2nd alignment pattern 
for synchronous reservation estrange, and are recorded for every predetermined 
record unit on disk media. A heat asperity detection means to detect generating of 
heat asperity based on the regenerative signal read from said target record unit, When 
said 1st alignment pattern cannot be detected by read-out from a record unit made 
into said target and generating of said heat asperity is detected by said heat asperity 
detection means, Disk storage characterized by providing a defect registration means 
to register as a defect the record unit made into said target. 
[Claim 1 1] It is disk storage which applies the data format on which two or more 
alignment patterns containing the 1st alignment pattern and the 2nd alignment pattern 
for synchronous reservation estrange, and are recorded for every predetermined 



record unit on disk media. A count means to count the count which the condition that 
said 1st alignment pattern is undetectable generates continuously in the repeat of 
read-out from said target record unit, Disk storage characterized by providing a 
defect registration means to register as a defect the record unit made into said target 
when the number of counts of said count means is more than a count of 
predetermined. 

[Claim 12] Two or more alignment patterns containing the 1st alignment pattern and 
the 2nd alignment pattern for synchronous reservation are estranged and recorded 
for every predetermined record unit on disk media. Between said 1st alignment 
pattern and said 2nd alignment pattern, and the error correcting code to data The 
information which contains all the data concerned more back than said 2nd alignment 
pattern is recorded, respectively. When said 1st alignment pattern is able to be 
detected from the regenerative signal read from the record unit concerned at the 
time of read-out from said target record unit Perform decode actuation including the 
error correction using said error correcting code between the 1st alignment pattern 
and said 2nd alignment pattern concerned, and a decode result is determined. The 
data decode approach applied to the disk storage characterized by determining a 
decode result based on back information from the 2nd alignment pattern concerned 
when said 2nd alignment pattern is able to be detected, even if said 1st alignment 
pattern is undetectable. 

[Claim 13] They are the disk media which have the group of the record unit on which 
data are recorded. To the data format of said record unit Two or more alignment 
patterns containing the 1st alignment pattern and the 2nd alignment pattern for 
synchronous reservation estrange, and are recorded. And disk media with which 
information in which the error correcting code to data contains all the data concerned 
more back than said 2nd alignment pattern is characterized by applying the data 
format recorded, respectively between said 1st alignment pattern and said 2nd 
alignment pattern. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has the disk storage which records information 
or is read, especially two or more alignment patterns (SYNC), and relates to disk 
media at the data decode approach list applied to the high-density disk store which 
controlled arrangement of an information cutting tool and an error correcting code 
(ECC cutting tool), and this equipment. 



[0002] 

[Description of the Prior Art] A magnetic disk drive is one of those typical of disk 
storage which used disk media (disk storage) for the record medium which records 
data. In this magnetic disk drive, data are recorded per sector, and in order to secure 
a synchronization, SYNC (alignment pattern) is written in in front of data. However, 
when a blemish cannot be in the SYNC section or SYNC cannot be detected by the 
factor of the phenomenon of heat asperity (Thermal Asperity;TA) occurring in the 
SYNC section, it becomes impossible to lead data correctly. In addition, heat asperity 
and the so-called TA mean the phenomenon in which a playback wave (lead signal 
wave form) is disturbed with the heat generated by contact (collision) to a head and 
the projection concerned, when a minute projection is on the surface of disk media. 
[0003] So, even when one or more SYNC(s) other than the usual SYNC are added and 
the 1st SYNC (1st SYNC) cannot be detected, the technique which made it possible 
to secure a synchronization and to lead data correctly is indicated by U.S. Pat. No. 
5,844,920 (well-known reference is called hereafter) by detecting the 2nd SYNC (2nd 
SYNC). The phenomenon in which SYNC is undetectable with a blemish, TA, etc. on 
current and disk media has arisen, and the effectiveness of using two or more 
SYNC(s) is clear. 

[0004] However, when the 1 st SYNC cannot be detected, even if the 2nd SYNC is 
detected, the data between both SYNC(s) cannot still be led. For this reason, the 
method of performing the error correction using the IRE jar pointer as one of the 
approaches for restoring the data between both SYNC(s) by ON-THE-FLY is shown 
in the above-mentioned well-known reference. That is, an IRE jar pointer is outputted 
to the data between both SYNC(s). 

[0005] Generally, in the Reed Solomon code widely used in the magnetic disk drive, in 
order to correct t errors, a 2t piece redundancy symbol is needed. On the other hand, 
to s IRE jars, it can correct only as s redundancy symbols. Therefore, when the 
generating location of an error is known, an error correction can be efficiently 
performed by introducing an IRE jar pointer. Moreover, in order to correct s IRE jars 
and t errors, an s+2t piece redundancy symbol is needed. From this, there is relation 
of a trade-off to the number of an IRE jar and the number of a random error which 
can be corrected. 

[0006] On the other hand, with increase of the recording density of a magnetic disk 
drive, destruction of the data based on a blemish, TA, etc. on disk media (media) 
continues for many bits, and comes to arise. If such a thing is taken into 
consideration, spacing of the 1st SYNC and the 2nd SYNC will become large 
inevitably. At this time, by the technique of a publication, the number of an IRE jar 
increases to the above-mentioned well-known reference, and the number of the 
random errors which can be corrected decreases. When spacing of the 1st SYNC and 
the 2nd SYNC becomes equal to the number of IRE jars which can be corrected, i.e., 
the number of redundancy symbols, it becomes impossible to completely correct a 



random error. This is the upper limit of spacing of both SYNC(s). 
[0007] By introducing an IRE jar pointer, the circuit scale for asking for an error 
evaluation polynomial the error location polynomial and list which require the most 
complicated count in decode of a Reed Solomon code increases. Although it can 
expect that an error correcting code will be strengthened from now on, the difference 
of a circuit scale becomes more remarkable in that case. And since power 
consumption also becomes large, it becomes disadvantageous for low-power-izing of 
a magnetic disk drive. 
[0008] 

[Problem(s) to be Solved by the Invention] In today's magnetic disk drive, data are 
recorded per sector in many cases. And in each sector, SYNC is written in the head 
of data. SYNC is used in order to secure the synchronization of data. When SYNC 
cannot detect correctly (i.e., when the synchronization of data is not secured) and 
lead actuation is performed as it is, the data with which several bits timing shifted at 
a time, for example will be read. This will be called a framing error and a read error will 
continue for the whole sector. Such a big burst error cannot correct ECC, either. 
Therefore, detection of SYNC serves as an important element which influences the 
engine performance of a drive. 

[0009] Here, it considers raising the recording density of a magnetic disk drive. While 
enlarging radial track density at this time, development is furthered towards enlarging 
track recording density of a circumferencial direction. If track recording density 
increases, the small blemish in disk media will come to affect many bits. Moreover, 
since a transfer rate becomes high with increase of track recording density, the effect 
of TA also comes to continue for many bits. 

[0010] In case the error by a blemish, TA, etc. on the media produced in data division 
writes in the data of ECC (error correcting code), i.e., data division, it can be 
corrected in many cases by ECC generated based on data and EDC (error detecting 
code) concerned. However, since ECC is not applied to the SYNC section, the error 
by a blemish, TA, etc. on the disk media in the SYNC section turns into a fatal error. 
In this case, even if it repeats a retry, SYNC is correctly undetectable in many cases. 
[001 1] So, by the above-mentioned well-known reference, two or more SYNC(s) are 
used for one sector, and even when the 1st SYNC cannot be detected, the method 
which enables the lead of data by detecting the 2nd SYNC is proposed. However, it 
will be difficult to lead the data between both SYNC(s) correctly, and an error 
correction will still be performed using an IRE jar. 

[0012] On the other hand, if recording density increases as stated previously, 
destruction of the data based on the blemish and TA on disk media will continue for 
many bits, and will come to arise. Therefore, in order to employ the advantage by 
having two or more SYNC(s) efficiently, it is necessary to enlarge spacing of the 1st 
SYNC and the 2nd SYNC. In this case, if the data between both SYNC(s) are treated 
as an IRE jar, the number of an IRE jar will increase and the number of the random 



errors which can be corrected will decrease. So, a upper limit exists in spacing of 
both SYNC(s), and the upper limit is equal to the number of IRE jars which can be 
corrected, i.e., the number of redundancy symbols. 

[0013] Installation of an IRE jar pointer increases the circuit scale for asking for an 
error evaluation polynomial the error location polynomial and list which require the 
most complicated count in decode of a Reed Solomon code. Although it can expect 
that an error correcting code will be strengthened from now on, the difference of a 
circuit scale becomes more remarkable in that case. And since power consumption 
also becomes large, it becomes disadvantageous for low-power-izing of a magnetic 
disk drive. 

[0014] It aims at it being comparable as the decoder of a general Reed Solomon code, 
and enabling it to realize power consumption in the circuit scale list of the decoder of 
disk storage, using two or more SYNC(s), in order that this invention might be made in 
consideration of the above-mentioned situation and may heighten SYNC (alignment 
pattern) ability to detect. 
[0015] 

[Means for Solving the Problem] The basic configuration of the disk storage of this 
invention for every predetermined record unit on disk media Two or more SYNC(s) 
(alignment pattern) containing the 1st SYNC (the 1st alignment pattern) and the 2nd 
SYNC (the 2nd alignment pattern) for synchronous reservation estrange, and are 
recorded. And the error correcting code to data is recorded between the 1 st SYNC 
and the 2nd SYNC. The data format on which the information which contains all the 
data concerned more back than the 2nd SYNC is recorded is applied. Each following 
component, i.e., a playback means to reproduce data by detecting SYNC from the 
regenerative signal read from the target record unit, and securing a synchronization, 
When the 1st SYNC is able to be detected by the SYNC detection by this playback 
means Perform decode actuation including the error correction using the error 
correcting code between the 1st SYNC and the 2nd SYNC which were reproduced by 
this playback means, and a decode result is determined. Even if the 1st SYNC is 
undetectable, when the 2nd SYNC is able to be detected, it is characterized by having 
a disk controller with a decode actuation means to determine a decode result based 
on back information from the 2nd SYNC concerned. 

[0016] In such a configuration, if the 2nd SYNC can be detected even when the 1st 
SYNC cannot be detected from a target record unit (for example, sector) since all 
data (information symbol) are recorded more back than the 2nd SYNC, it is the error 
correcting code (ECC cutting tool) which all data can be led and cannot be led, and it 
is possible to determine a decode result. This is enabled to constitute a decoder from 
the usual circuit scale and the power consumption of a Reed Solomon code 
comparable as a decoder, and a circuit scale and power consumption can be made 
small as compared with the decoder at the time of using an IRE jar. 
[0017] The repeat read-out control means which performs control which repeats 



read-out from a target record unit the number of predetermined times in the above- 
mentioned basic configuration here as long as the condition that the 2nd SYNC can 
be detected without the ability of the 1st SYNC detecting continues, A majority 
judging means by which a majority judging determines playback information from the 
information for the above-mentioned count of predetermined which contains the back 
above-mentioned data from the 2nd SYNC which was read from the target record 
unit by control of this repeat read-out control means, and was reproduced by the 
above-mentioned playback means is added. With the above-mentioned decode 
actuation means As a result of being able to detect the 2nd SYNC, without the 1st 
SYNC being undetectable, when the majority judging by the majority judging means is 
performed, it is also possible to consider as the configuration which determines a 
decode result based on the information determined by the majority judging means 
concerned. 

[0018] Since a decode result is determined based on the information determined by 
the majority judging to the back information for the count of predetermined from the 
2nd SYNC read by repeat read-out (repeat lead) from a target record unit, although it 
becomes a little complicated decode actuation technique as compared with the 
decode actuation technique applied with the previous basic configuration, with such a 
configuration, better decode error probability is realizable. 

[0019] Moreover, in the information containing the above-mentioned data recorded 
more back than the 2nd SYNC The 2nd ECC cutting tool (redundancy symbol) to the 
data concerned of size smaller than the above-mentioned ECC cutting tool 
(redundancy symbol) is made to be contained. (Between the 1st SYNC and the 2nd 
SYNC) When the 2nd SYNC is able to be detected with a decode actuation means, 
without the 1st SYNC being undetectable, it is also possible to consider as the 
configuration which performs decode actuation including the error correction using 
the back above-mentioned 2nd ECC cutting tool, and determines a decode result 
from the 2nd SYNC concerned. 

[0020] In such a configuration, although a circuit scale and power consumption 
increase a little as compared with a previous basic configuration since data and the 
2nd ECC cutting tool can perform decode actuation including the error correction 
which could lead, therefore used the 2nd ECC cutting tool concerned, if the 2nd 
SYNC is detectable even if the 1st SYNC is undetectable, better decode error 
probability is realizable. 

[0021] Moreover, the configuration equipped with the above-mentioned repeat read- 
out control means and the majority judging means, The configuration which also 
includes the 2nd ECC cutting tool besides data into the information recorded behind 
the 2nd SYNC is combined. With the above-mentioned decode actuation means As a 
result of being able to detect the 2nd SYNC, without the 1st SYNC being 
undetectable, when the majority judging by the above-mentioned majority judging 
means is performed It is also possible to consider as the configuration which performs 



decode actuation including the error correction using the above-mentioned 2nd ECC 
cutting tool in the information determined by the majority judging means concerned, 
and determines a decode result. 

[0022] In such a configuration, although a circuit scale and power consumption 
increase a little as compared with each configuration mentioned previously, better 
decode error probability is realizable. That is, the decode actuation technique applied 
with this configuration turns into technique with the best decode error probability. 
[0023] Moreover, in the configuration mentioned until now, it is also possible for the 
error detecting code (EDC cutting tool) to the data concerned which are one of the 
redundancy symbols to be also made to be contained in the information containing 
the above-mentioned data recorded more back than the 2nd SYNC, and to consider 
as the configuration which also applies the error detection which used the above- 
mentioned EDC cutting tool for the decision of a decode result with the above- 
mentioned decode actuation means. 

[0024] In such a configuration, although format effectiveness falls in order to use EDC, 
the incorrect correction probability by ECC becomes small. Even when the decode 
actuation technique in which ECC is not used is applied, the probability to transmit 
mistaken data becomes small by performing error detection. Therefore, it is effective 
especially when an error rate is not good. 

[0025] In addition, although the 1st SYNC's having been detected or the 1st SYNC is 
not detected in each above-mentioned configuration, when SYNC is detected by the 
above-mentioned playback means so that having been detected can recognize, it is 
good [ the 2nd SYNC ] to add a SYNC (alignment pattern) judging means to judge 
SYNC of what position was detected, moreover, for a judgment with this SYNC 
judging means Each detectable period of two or more SYNC(s) currently recorded per 
target record is judged. A notice means of SYNC (alignment pattern) timing to 
perform the detectable notice of a period which corresponds for every detection 
period concerned is added further. When SYNC is detected by the playback means, it 
is good to be made to judge SYNC of what position was detected by whether the 
detectable period notified from the above-mentioned notice means of SYNC timing in 
that case corresponds to which SYNC, in addition, every — it is good also as a 
configuration which SYNC of what position was detected based on the pattern class 
can judge by changing the pattern class of SYNC. 

[0026] In addition, the technique of the decode actuation applied with the equipment 
(disk storage) of the above configuration may be enacted as invention concerning an 
approach (the data decode approach). Moreover, this invention is materialized also as 
disk storage equipped with the disk media which apply the above-mentioned data 
format. Moreover, the disk media which apply the above-mentioned data format are 
materialized also as invention of the disk media itself. 

[0027] The disk storage of this invention for every [ moreover, ] predetermined record 
unit on disk media The data format on which two or more SYNC(s) containing the 1st 



SYNC and the 2nd SYNC for synchronous reservation estrange, and are recorded is 
applied. Each following means, i.e., a TA detection means to detect generating of TA 
(heat asperity) based on the regenerative signal read from the target record unit, 
When the 1st SYNC cannot be detected by read-out from the above-mentioned 
target record unit and generating of TA is detected by the heat asperity detection 
means, it is characterized also by having a defect registration means to register a 
target record unit as a defect. 

[0028] In such a configuration, when the 1st SYNC cannot be detected and TA has 
arisen, in order to carry out defect registration of such a record unit in consideration 
of the ability not to detect the 1st SYNC in many cases even if it leads the 
corresponding record unit how many times, aggravation of performance can be 
prevented. 

[0029] The disk storage of this invention for every [ moreover, ] predetermined record 
unit on disk media The data format on which two or more SYNC(s) containing the 1st 
SYNC and the 2nd SYNC for synchronous reservation estrange, and are recorded is 
applied. Each following means, i.e., a count means to count the count which the 
condition that the 1 st SYNC is undetectable generates continuously in the repeat of 
read-out from a target record unit, When the number of counts of this count means is 
more than a count of predetermined, it is characterized also by having a defect 
registration means to register the above-mentioned target record unit as a defect. 
[0030] In such a configuration, when the phenomenon in which the 1st SYNC is 
undetectable by the repeat of read-out from the same record unit occurs 
continuously repeatedly, in order to carry out defect registration of such a record unit 
in consideration of the 1st SYNC section of the record unit having defects, such as a 
blemish on disk media, aggravation of performance can be prevented. 
[0031] 

[Embodiment of the Invention] Hereafter, this invention is explained with reference to 
a drawing about the gestalt of the operation applied to the magnetic disk drive. 
[0032] Drawing 1 is the block diagram showing the configuration of the magnetic disk 
drive concerning 1 operation gestalt of this invention. The magnetic disk drive of 
drawing 1 is roughly divided, and consists of the hard disk controller (HDC) 1, CPU2, 
the R/W (read/write) channel 3, a VCM/SPM control section 4, and disk enclosure 
(DE) 5. Generally, HDC1, CPU2, the R/W channel 3, and the VCM/SPM control 
section 4 are constituted on the same substrate. 

[0033] HDC1 has the main control section 1 1 which controls the HDC1 whole, the 
data format control section 12, the ECC (error correcting code) control section 13, 
and a buffer RAM 14. While connecting with a host (host system) through the 
interface section, it connects with the R/W channel 3, and HDC1 performs data 
transfer between magnetic disk drives with a host by control of the main control 
section 1 1. The lead reference clock (RRCK) generated by the R/W channel 3 is 
inputted into this HDC1. 



[0034] The data format control section 1 2 changes the data transmitted by the host 
into the format suitable for recording on disk media (magnetic disk) 50, and changes 
conversely the data reproduced from disk media 50 into the format suitable for 
transmitting to a host. 

[0035] The ECC control section 13 adds redundancy data (redundancy symbol) to the 
data (information symbol) to record, in order to enable the correction and detection of 
an error which are included in the data reproduced from disk media 50. Moreover, the 
ECC control section 13 performs correction or detection, when it judges whether the 
error has arisen to the reproduced data and an error is in them. However, the byte 
count which can correct an error is limited and related to the die length of 
redundancy data. Namely, many errors can be corrected now by adding many 
redundancy data. Since format effectiveness will get worse if many redundancy data 
are added, it is traded off for an error correction possible byte count. 
[0036] A buffer RAM 1 4 saves temporarily the data transmitted by the host, and 
transmits them to the R/W channel 3 to suitable timing. On the contrary, the lead 
data transmitted from the R/W channel 3 are saved temporarily, and it transmits to a 
host to suitable timing after termination of ECC decode processing etc. 
[0037] HDC1 has the notice section 15 of SYNC timing of the configuration of 
drawing 2 in everything but the above-mentioned main control section 1 1, the data 
format control section 1 2, the ECC control section 1 3, and a buffer RAM 1 4. 
[0038] In the notice section 15 of SYNC timing of drawing 2 , the lead gate (RG) 
which serves as truth to the timing corresponding to the preamble of each sector on 
a lead reference clock (RRCK) and disk media 50 is inputted into a counter 151. A 
counter 151 is reset in the input of RG. And a counter 151 counts by making the 
standup of RRCK into a trigger. The outputs DO-Dn of a counter 151 are connected 
to the B side input of a comparator 152. The outputs D0-Dn of a register 153 are 
connected to the A side input of a comparator 152. The contents of this register 153 
can be set up from CPU2. Here, the allowed time from the standup of RG to SYNC 
detection is set to a register 153. A comparator 152 performs the comparison with 
the input value A from a register 153, and the input value B from a counter 151. And 
at the time of A<B, a comparator 152 makes an output it "0", when other in logic "1" 
(at the time of A>=B). The output of a register 153 is led to the main control section 
1 1 as a SYNC flag. 

[0039] When there are two SYNC(s), the 1st SYNC and the 2nd SYNC, he is trying to 
set allowed time until the 1st SYNC is detected from the standup of RG to a register 
153 with this operation gestalt. It can be checked that the 2nd SYNC has been 
detected by referring to the value of a SYNC flag when SYNC is detected by this 
when it was "0" and the 1st SYNC was "1." Also when it has three or more SYNC(s), 
it can respond easily by extending a register and a comparator. For example, what is 
necessary is to set the 1st allowed time until the 1st SYNC is detected from the 
standup of RG, and the 2nd allowed time until the 2nd SYNC is detected from the 



standup of RG as a register, respectively, and for a comparator just to compare the 
value of each register, and the value of a counter, respectively, if it is the case of 
three SYNC(s). Moreover, you may judge which SYNC was detected by changing the 
pattern of each SYNC. 

[0040] CPU2 is connected with HDC1, the R/W channel 3, the VCM/SPM control 
section 4, and DE5. CPU2 has FROM21 and RAM22. The program of CPU2 of 
operation is saved at FROM21. 

[0041] It connects with HDC1 and the R/W channel 3 performs data transfer between 
HDC(s)1. Moreover, it connects with DE5 and the R/W channel 3 performs 
transmission of a record signal, and reception of a regenerative signal. The R/W 
channel 3 is divided roughly into the recording system (light channel) and reversion 
system (lead channel) which are not illustrated. Moreover, the R/W channel 3 also has 
the TA detecting element 31. 

[0042] A scrambler, a RLL (Run Length Limitted) encoder, a data generator, a rye 
TOPURI competition, a light driver, etc. are contained in the recording system of the 
R/W channel 3. The data transmitted from HDC1 are changed into the sequence 
which was suitable for record with the scrambler and the RLL encoder. A data 
generator generates the preamble added to the head of data, and the data of SYNC. 
With this operation gestalt, in order to use two or more SYNC(s) in the inside of one 
sector, neither a preamble nor SYNC is necessarily added only to the head of data. 
And after pre-compensation of NLTS (Non-Linear Transition Shift) is performed by 
the rye TOPURI competition, the record signal generated by the light driver is 
supplied to DE5. 

[0043] On the other hand, the reversion system of the R/W channel 3 consists of 
automatic gain control (AGO, sample hold (S/H), a digital to analog converter (A/D), 
an equalizer, a Viterbi (Viterbi) detector, a RLL decoder, a descrambler, a SYNC 
detector, etc. First, the regenerative signal transmitted from DE5 is changed into 
digital data by S/H and A/D, after a gain adjustment is performed by AGC. Next, 
identification doubled with the class of a partial response with the equalizer is 
performed. Finally, maximum likelihood decoding is performed by the Viterbi detector 
and the data generated by the RLL decoder and the descrambler are transmitted to 
HDC1. A SYNC detector detects SYNC and secures the synchronization of the data 
in a RLL decoder from the output of a Viterbi detector. 

[0044] The TA detecting element 31 of the R/W channel 3 detects TA by supervising 
the signal level of a regenerative signal. Here, if signal level becomes beyond a 
predetermined value, it will be considered that the TA detecting element 31 is TA. 
[0045] The VCM/SPM control section 4 performs control of a voice coil motor (VCM) 
52 and a spindle motor (SPM) 53. 

[0046] It connects with the R/W channel 3 and DE5 performs reception of a record 
signal, and transmission of a regenerative signal. Moreover, DE5 is connected with the 
VCM/SPM control section 4. DE5 has disk media 50, a head 51, VCM52 and SPM53, 



and pre amplifier 54 grade. By a diagram, although the number of disk media 50 is one 
and the case where the head 51 is arranged only at one field side of disk media 50 is 
assumed, you may be the configuration that laminating arrangement of two or more 
disk media 50 was carried out. Moreover, as for a head 51, it is common to be 
prepared corresponding to each side of disk media 50, respectively. 
[0047] The record signal transmitted by the R/W channel 3 is supplied to a head 51 
via the pre amplifier 54 in DE5, and is recorded on disk media 50. On the contrary, the 
signal reproduced by the head 51 from disk media 50 is transmitted to the R/W 
channel 3 via pre amplifier 54. 

[0048] VCM52 in DE5 moves a head 51 to radial [ of the disk media 50 concerned I in 
order to position a head 51 to the target position on disk media 50. Moreover, SPM53 
rotates disk media 50. 

[0049] Here, the data format in 1 sector in disk media 50 is explained with reference 
to drawing 3 . Conventionally, as for the data format in 1 sector, having become like 
drawing 3 (a) is common. However, the format of only a preamble, SYNC, data, and 
EDC and ECC is shown by a diagram. 

[0050] A preamble is used in order to perform a phase lock. The synchronization of 
the data in a RLL decoder is attained by using SYNC. EDC (error detection signal) 
and ECC (error correcting code) are added to data. After correcting an error by ECC 
decode, the incorrect correction probability by ECC can be decreased by detecting a 
deed error for EDC decode. 

[0051] As shown in this drawing, it is recorded in the data format of drawing 3 (a) 
described above, i.e., the data format generally applied from the former with the 
magnetic disk drive (HDD), in order of a preamble, SYNC, data, and EDC and ECC. 
[0052] Now, by the well-known reference mentioned in the column of [Description of 
the Prior Art], since the problem which becomes undetectable [ SYNC ] is coped with 
when a blemish, TA, etc. on disk media arise in the SYNC section, using two or more 
SYNC(s) is proposed. In this case, a data format becomes like drawing 3 (b). That is, it 
is the method of carrying out or more (drawing one) one addition of the SYNC in the 
middle of data division, here — the n-th SYNC — the — the [ nSYNC, a call, and ] — 
between nSYNC and next ** (n+1) SYNC will be called the n-th section. However, the 
last section shows the part behind Last SYNC (from immediately after Last SYNC to 
sector termination). 

[0053] Even when the 1st SYNC cannot be detected by using the data format of 
drawing 3 (b), the exact lead of data is attained by detecting the 2nd SYNC. 
[0054] On the other hand, with this operation gestalt, since a decoder is constituted 
from the circuit scale and power consumption of a general Reed Solomon code 
comparable as a decoder, the data format shown in drawing 3 (c) or drawing 3 (d) is 
applied. The description of this data format records ECC on the 1st section, and all 
data are in the point recorded on the 2nd section, i.e., the point which records an 
ECC cutting tool before data. In addition, a data format in case drawing 3 (c) does not 



use EDC, and drawing 3 (d) are the data formats in the case of using EDC. 
[0055] When applying the data format of drawing 3 (c), the data format control section 
12 in HDC1 transmits recording information to the R/W channel 3 in order of an ECC 
cutting tool and data at the time of data logging to disk media 50. Using the preamble 
of internal generation, the 1st SYNC, and the 2nd SYNC, the R/W channel 3 is 
processed so that it may be recorded on disk media 50 in order of a preamble, the 1st 
SYNC, an ECC cutting tool, the 2nd SYNC, and data. 

[0056] Moreover, at the time of data logging in the case of applying the data format of 
drawing 3 (d), the data format control section 12 transmits recording information to 
the R/W channel 3 in order of an ECC cutting tool, data, and EDC. Using the preamble 
of internal generation, the 1st SYNC, and the 2nd SYNC, the R/W channel 3 is 
processed so that it may be recorded on disk media 50 in order of a preamble, the 1 st 
SYNC, an ECC cutting tool, the 2nd SYNC, data, and EDC. 

[0057] Here, an ECC cutting tool and an EDC cutting tool are generated by the ECC 
control section 13 in HDC1. An EDC cutting tool is generated based on the data to 
record, and, specifically, an ECC cutting tool is generated based on the data 
concerned and the generated EDC data. 

[0058] Although ECC is cannot be led with the configuration which applies the data 
format of such drawing 3 (c) and ( drawing 3 (d)) when the 1st SYNC is not detected 
but the 2nd SYNC is detected, the lead of data (EDC) is attained. At this time, by 
performing easy decode actuation using data (EDC), equivalent [ as compared with 
the conventional method ] or better decode error probability than it can be realized. 
[0059] Hereafter, when the data format of drawing 3 (d) is applied in this operation 
gestalt that is, the decode actuation when using EDC is described. Drawing 4 shows 
the flow chart of the decode actuation at the time of applying the data format of 
drawing 3 (d). 

[0060] First, in the reversion system of the R/W channel 3, SYNC is detected at the 
time of playback of the data of the target sector recorded on disk media 50. When 
SYNC is detected by the R/W channel 3, the SYNC detection flag which shows that 
is notified to HDC1 from the R/W channel 3. 

[0061] The main control section 11 of HDC1 supervises the condition of a SYNC 
detection flag according to the flow chart of drawing 4 , and even if it exceeds 
sufficient period to detect the 2nd SYNC, when it is not shown that SYNC was 
detectable, it starts retry processing (steps S1 and S2), 

[0062] On the other hand, when SYNC is able to be detected within the above- 
mentioned period, based on the condition of the SYNC flag outputted from the notice 
section 15 of SYNC timing of the configuration of drawing 2 in which it was prepared 
by HDC1, it judges as follows whether the main control sections 1 1 are whether 
detected SYNC is the 1st SYNC and the 2nd SYNC (step S3). First, since SYNC was 
detected in allowed time until the 1st SYNC is detected from the standup of RG when 
a SYNC flag was "0", it is judged with the detected SYNC being the 1st SYNC. On 



the other hand, since SYNC was detected after going through allowed time until the 
1st SYNC is detected from the standup of RG when a SYNC flag was "1 it is judged 
with the detected SYNC being the 2nd SYNC. 

[0063] When it is judged that the 1st SYNC was detected, the main control section 1 1 
leads the 1st section and the 2nd section (step S4, S5). That is, the main control 
section 1 1 leads ECC, data, and all EDC. And the main control section 1 1 performs 
ECC decode actuation using the ECC control section 13, and if judged with the error 
which cannot be corrected having arisen, it will start retry processing (steps S6 and 
S7). If correction is possible, the main control section 1 1 corrects using the ECC 
control section 1 3, and it moves from it to EDC decode actuation, and retry 
processing will be started if an error is detected by the EDC decode actuation (step 
S8, S9). If an error is not detected, the main control section 1 1 will end decode 
actuation. 

[0064] On the other hand, when it is judged that the 1st SYNC was not detected but 
the 2nd SYNC was detected by the SYNC detection judging, the main control section 
1 1 leads only the 2nd section which follows the 2nd SYNC (step S10). And the main 
control section 1 1 performs EDC decode actuation for the lead data of the 2nd 
section, if an error is detected, it will start retry processing (steps S1 1 and S12), and 
if an error is not detected, it will end decode actuation. 

[0065] Although the above explained the decode actuation at the time of applying the 
data format of drawing 3 (d), when the data format of drawing 3 (c) is applied (i.e., 
even when not using EDC), it can carry out similarly by removing the processing part 
relevant to EDC from the flow chart of drawing 4 . 

[0066] Next, the decode error rate property when performing the above-mentioned 
decode actuation is considered using the data format of drawing 3 (d) or drawing 3 (c). 
In connection with the densification of a magnetic disk drive, the byte count recorded 
on the 1st section is considered that development is furthered towards enlarging. 
Therefore, suppose that the largest possible byte count recorded on the 1 st section 
is taken. In this operation gestalt, the upper limit of a byte count recordable on the 
1st section is equal to an ECC byte count. Moreover, also in the technique of 
decoding using the IRE jar indicated by said well-known reference, the upper limit of a 
byte count recordable on the 1st section is equal to an ECC byte count. In this case, 
since all the error correction capacity of ECC will be used for IRE jar correction, 
there is no correction capacity of a random error. Therefore, the decode error rate 
property of the technique applied with this operation gestalt and the decode error 
rate property of the technique given in well-known reference of having used the IRE 
jar are equal. 

[0067] A hardware change point required in order to realize technique applied with 
this operation gestalt is only the notice section 15 of SYNC timing shown in drawing 
2 . The decode actuation shown in the flow chart of drawing 4 is realizable only by 
modification of the program (firmware) of operation stored in FROM21. On the other 



hand, it is necessary to add the circuit for performing IRE jar processing to an ECC 
decoder circuit by the technique using an IRE jar. In this operation gestalt, it becomes 
possible from the above thing to constitute a decoder from the usual circuit scale and 
the power consumption of a Reed Solomon code comparable as a decoder. 
[0068] The [1st modification], next the 1st modification of said operation gestalt are 
explained. This 1st modification cannot detect the 1st SYNC, but applies majority 
judging processing in decode processing when the 2nd SYNC is detectable. For this 
reason, a part of procedure of the main control section 1 1 only differs from the 1st 
operation gestalt, and drawing 1 is used. 

[0069] Hereafter, the case where the data format of drawing 3 (d) is applied is 
explained to an example with reference to the flow chart of drawing 5 about decode 
actuation in the 1 st modification. The main control section 1 1 sets a loop counter 
(loop count) i to 0 first (step S1 1). And the main control section 1 1 detects the same 
SYNC as step S1 in drawing 4 (step S12), and when it cannot be detected, it starts 
retry processing (step S13). When SYNC is able to be detected, the main control 
section 1 1 judges whether SYNC(s) detected according to the condition of the SYNC 
flag from the notice section 15 of SYNC timing are whether it is the 1st SYNC and 
the 2nd SYNC like step S3 in drawing 4 (step S14). 

[0070] Since the same steps S15-S20 as step S4 in drawing 4 - S9 are performed 
when the 1st SYNC is detected, concrete explanation of operation is omitted. If there 
is need, I can want to be able to read explanation of step S4 in said operation gestalt 
- S9 as steps S15-S20. 

[0071] On the other hand, in SYNC detection, when the 1st SYNC is not detected but 
the 2nd SYNC is detected, the main control section 1 1 leads only the 2nd section 
which follows the 2nd SYNC (step S21). And the main control section 1 1 transmits 
lead data to a buffer RAM 14, and stores them (step S22). 

[0072] Next, the main control section 1 1 increments a loop counter i one time (step 
S23), and compares with the constant (reference value) M to which the value of the 
counter i concerned after the increment is set beforehand (step S24). When the value 
of Counter i is smaller than M, the main control section 1 1 repeats return and a series 
of actuation (that is, lead of the same sector) to SYNC detection of step S1 again 
about a target sector at the time of KM. 

[0073] Thus, the 1st SYNC is not detected, but the 2nd SYNC is detected, and as a 
result of performing continuously actuation which leads only the 2nd section M times, 
when it becomes i=M (i.e., when M lead actuation (repeat lead) which continues from a 
target sector is performed), the main control section 1 1 performs majority judging 
processing which mentions a detail later (step S25). And the main control section 1 1 
performs EDC decode actuation after majority judging processing termination, if an 
error is detected, it will start retry processing (steps S26 and S27), and if an error is 
not detected, it will end decode actuation. 

[0074] Although the above explained the decode actuation at the time of applying the 



data format of drawing 3 (d), when the data format of drawing 3 (c) is applied (i.e., 
even when not using EDO, it can carry out similarly by removing the processing part 
relevant to EDC from the flow chart of drawing 5 . 

[0075] Next, the detail of the majority judging processing in above-mentioned drawing 
5 (step S25) is explained with reference to the flow chart of drawing 6 . First, the 1 st 
time, the 2nd time, — , the Mth lead data, and the lead data after a majority judging 
respectively — 1st lead data:d1(1) - d1 (N) and 2nd lead data:d2(1) - d2 (N), — , lead 
data:dM(1) - of eye M time — it sets with lead data:d' (1) - d' (N) after dM (N) and a 
majority judging. However, N is the byte count of the 2nd section. 
[0076] Moreover, it is defined as taking the value which has the maximum number for 
a majority function maj (a1, a2, — , an) among a1-an. When two or more values which 
have the maximum number exist, any value is taken in them. 

[0077] As shown in the flow chart of drawing 6 , the main control section 1 1 is step 
S31 of the beginning of majority judging processing, and sets a loop counter j to 0. 
And the main control section 1 1 applies a majority function about the j-th byte of M 
times of lead data, and it asks for d' (j) (step S32). Next, the main control section 1 1 
increments a loop counter j one time. 

[0078] Lead data d' (1) - d' after (step S34) and a majority judging (N) is called for by 
repeating the above actuation until it becomes j=N. This lead data d' (1) -d' (N) is set 
as the object of the EDC decode actuation after the majority judging processing in 
drawing 5 (step S25). 

[0079] Next, the decode error rate property when performing EDC decode actuation 
for the lead data acquired by the above-mentioned majority judging processing is 
considered. In connection with the densification of a magnetic disk drive, the byte 
count recorded on the 1st section is considered that development is furthered 
towards enlarging. Therefore, suppose that the largest possible byte count recorded 
on the 1st section is taken. In the 1st modification, the upper limit of a byte count 
recordable on the 1st section is equal to an ECC byte count. Moreover, also in the 
technique of decoding using the IRE jar indicated by said well-known reference, the 
upper limit of a byte count recordable on the 1st section is equal to an ECC byte 
count. In this case, since all the error correction capacity of ECC will be used for IRE 
jar correction, there is no correction capacity of a random error. 
[0080] First, about the technique of decoding using an IRE jar, the 1st SYNC cannot 
be detected but a decode error rate when the 2nd SYNC is detectable is searched for. 
512 bytes and an ECC byte count are made into 40 bytes, and an EDC byte count is 
made into 8 bytes for the number of data bytes. At this time, the number of IRE jars 
becomes 40 bytes, and if at least one of the remaining 520 bytes is led accidentally, 
an error correction will become impossible. For example, when a symbol error rate is 
0.0001, decode error probability is set to 0.0499. Then, error detection by EDC is 
performed. 

[0081] Next, it asks for the decode error probability under the same conditions about 



the decode actuation applied in the 1st modification. Even in this case, since an error 
correction is not performed, if it is led accidentally at least 1 byte, it will serve as a 
decode error. However, in order to perform a repeat lead and a majority judging, 
decode error probability becomes small. Now, it is M= 3, and supposing it performs 
three repeat leads, 1 time of an error will be allowed during three leads about each 
cutting tool. At this time, decode error probability is set to 0.0000154, when a symbol 
error rate is 0.0001. As compared with the decode error probability 0.0499 in the 
technique of decoding using an IRE jar, decode error probability with triple or more 
good figures is obtained so that clearly. 

[0082] The [2nd modification], next the 2nd modification of said operation gestalt are 
explained. This 2nd modification cannot detect the 1st SYNC, but the 2nd ECC 
(ECC2) is used for it in decode processing when the 2nd SYNC is detectable. 
Therefore, in the 2nd modification, the data format shown in drawing 7 (a) is applied. 
The description of the data format of this drawing 7 (a) is that it recorded the ECC 
concerned and the 2nd same ECC (ECC2) in the 2nd section apart from ECC (the 1st 
ECC) recorded on the 1st section. 

[0083] Here, the byte count of ECC and ECC2 is set up as there is relation of 
ECOECC2. That is, the byte count (size) of ECC2 is set up fewer (small) than ECC. 
Therefore, the error correction capacity of ECC2 is low compared with ECC. 
[0084] The probability p for the reason made into ECOECC2 to be able to read the 
1st section (inner ECC) The probability to replace with ECC and to perform an error 
correction using ECC2 is very low greatly (p»1-p) therefore more remarkably than 
the probability (1~p) which cannot be read. Even if it makes ECC2 into ECC, 
comparable, or the byte count beyond it and gives high error correction capacity, 
effectiveness is based on few things. This reason is further explained to a detail. First, 
if the probability that an error cannot be corrected for the probability that an error 
cannot be corrected using ECC, using E1 and ECC2 is set to E2, ''the probability that 
an error cannot be corrected as a whole" will be set to p*E1+(1-p) *E2. Here, since it 
is p»1-p, the rate that *(1-p) E2 occupy to "the probability that an error cannot be 
corrected as a whole" is very small as compared with p*E1. Therefore, even if it 
increases the byte count of ECC2 even if and makes E2 small, it is difficult to make 
small "the probability that an error cannot be corrected as a whole." In addition, 
although arrangement of data and the order of EDC and ECC2 is applied in the 2nd 
section in the example of drawing 7 (a), it is not necessary to be arrangement of this 
sequence. 

[0085] Hereafter, about decode actuation in the 2nd modification, drawing 1 is used 
for an example for convenience, and the case where the data format of drawing 7 (a) 
is applied is explained with reference to the flow chart of drawing 8 . 
[0086] First, the main control section 11 detects the same SYNC as step S1 in 
drawing 4 (step S41), and when detection is impossible, it starts retry processing 
(step S42). When SYNC is able to be detected, the main control section 1 1 judges 



whether SYNC(s) detected according to the condition of the SYNC flag from the 
notice section 15 of SYNC timing are whether it is the 1st SYNC and the 2nd SYNC 
like step S3 in drawing 4 (step S43). 

[0087] When the 1st SYNC is detected, the same steps S44-S49 as step S4 in 
drawing 4 - S9 are performed. 

[0088] On the other hand, in SYNC detection, when the 1 st SYNC is not detected but 
the 2nd SYNC is detected, the main control section 1 1 leads only the 2nd section 
which follows the 2nd SYNC (step S50). Here, next data, and EDC and ECC2 are led, 
the main control section 1 1 performs the 2nd ECC decode actuation, and if judged 
with the error which cannot be corrected having arisen, it will start retry processing 
(steps S51 and S52). If correction is possible, the main control section 11 corrects 
and it moves from it to EDC decode actuation, and retry processing will be started if 
an error is detected by the EDC decode actuation (steps S53 and S54). If an error is 
not detected, the main control section 1 1 will end decode actuation. 
[0089] Although the 2nd modification described above explained the decode actuation 
at the time of applying the data format of drawing 7 (a), when a data format without 
EDC as shown in drawing 7 (b) is applied (i.e., even when not using EDC), it can carry 
out similarly by removing the processing part relevant to EDC from the flow chart of 
drawing 8 . 

[0090] In the 2nd modification of the above, the addition of the hardware for using 
ECC2 (the 2nd ECC) is needed as compared with said operation gestalt. However, this 
problem is avoidable by sharing the usual ECC circuit. Decode error probability 
becomes good as compared with said operation gestalt. That is, decode error 
probability becomes small in proportion to the redundancy byte count of ECC2. 
However, in order to worsen format effectiveness, a redundancy byte count will be 
determined from the balance of decode error probability and format effectiveness. 
[0091] The [3rd modification], next the 3rd modification of said operation gestalt are 
explained. This 3rd modification is what combined said the 1st modification and 2nd 
modification, cannot detect the 1st SYNC but uses the 2nd ECC for a majority judging 
list in decode processing when the 2nd SYNC is detectable. Therefore, in the 3rd 
modification, the data format shown in drawing 7 (a) like said 2nd modification is 
applied. 

[0092] Hereafter, about decode actuation in the 3rd modification, drawing 1 is used 
for an example for convenience, and the case where the data format of drawing 7 (a) 
is applied is explained with reference to the flow chart of drawing 9 . 
[0093] The main control section 1 1 sets a loop counter i to 0 first (step S61). And the 
main control section 1 1 detects SYNC (step S62), and when detection is impossible, it 
starts retry processing (step S63). When SYNC is able to be detected, the main 
control section 1 1 judges whether detected SYNC(s) are whether it is the 1st SYNC 
and the 2nd SYNC according to the condition of the SYNC flag from the notice 
section 1 5 of SYNC timing (step S64). 



[0094] When the 1st SYNC is detected, the same steps S65-S70 as step S4 in 
drawing 4 - S9 are performed. On the other hand, in SYNC detection, when the 1st 
SYNC is not detected but the 2nd SYNC is detected, the main control section 1 1 
leads processing of steps S21-S23 in drawing 5 , and the same steps S71-S73, i.e., 
the 2nd section, accumulates it in a buffer RAM 14, and performs actuation which 
increments a loop counter i one time. As long as the condition that the 1st SYNC is 
not detected but the 2nd SYNC is detected continues, the above actuation is 
repeated until the value of a loop counter i is set to M (step S74). And when it comes 
to i=M, the main control section 1 1 is performed in the procedure which showed the 
same majority judging processing (step S75) as step S25 in drawing 5 to drawing 6 . 
[0095] By majority judging processing, the main control section 11 will perform 
decode actuation of the 2nd ECC like said 2nd modification for lead data d' (1) - d' 
(N), if lead data d' (1) - d' (N) is acquired, and if judged with the error which cannot be 
corrected having arisen, it will start retry processing (steps S76 and S77). If 
correction is possible, the main control section 1 1 corrects and it moves from it to 
EDC decode actuation, and retry processing will be started if an error is detected by 
the EDC decode actuation (steps S78 and S79). If an error is not detected, the main 
control section 1 1 will end decode actuation. 

[0096] Although the 3rd modification described above explained the decode actuation 
at the time of applying the data format of drawing 7 (a), even when a data format 
without EDC as shown in drawing 7 (b) is applied, it can carry out similarly by 
removing the processing part relevant to EDC from the flow chart of drawing 9 . 
[0097] The decode error probability in the 3rd modification of the above becomes the 
best in said operation gestalt and said 1st and 2nd modification. 

[0098] In addition, in the 3rd modification of the above, and said operation gestalt and 
said 1st and 2nd modification, the data format shown in drawing 10 (a), (b), and (c) is 
also applicable. Drawing 10 (a) shows the data format which records some ECC 
cutting tools on the 1st section, and records the remaining ECC cutting tools on the 
2nd section. Although the ECC cutting tool who records on the 2nd section is 
stationed in the example of drawing 1 0 (a) just before data, the arrangement location 
may be arbitrary and may be immediately after data or EDC. 

[0099] Drawing 10 (b) shows the data format in the case of having three or more 
SYNC(s). The part shown with the sign 101 in drawing shows that the group of SYNC 
and data continues in the total -three SYNC(s), when it is shown that the data in 
front of that continue when SYNC is three and SYNC exceeds three. Here, some ECC 
cutting tools may be recorded like the data format of drawing 10 (a) in addition to the 
1 st section. 

[0100] Drawing 10 (c) shows the data format which records a preamble also before 
the 2nd SYNC. By applying this data format, even when a phase lock is not made in 
the 1st preamble, a phase lock can be performed using the 2nd preamble. Here, some 
ECC cutting tools may have the thing which has three or more SYNC(s), or three 



preambles or more like the data format of drawing 10 (a) like the data format of the 
thing recorded in addition to the 1 st section, or drawing 10 (b). Moreover, what is 
necessary is just to record the 2nd ECC concerned on sections other than the 1st 
section, when using the 2nd ECC (ECC2). 

[0101] The [4th modification], next the 4th modification of said operation gestalt are 
explained. This 4th modification will add the defect add function which registers the 
sector which corresponds under certain conditions as a defect sector, if TA has 
arisen when the 1st SYNC cannot be detected in said operation gestalt. 
[0102] Hereafter, about decode actuation in the 4th modification, drawing 1 is used 
for an example for convenience, and the case where the data format of drawing 3 (d) 
is applied is explained with reference to the flow chart of drawing 1 1 . 
[0103] The main control section 1 1 sets to 0 first the defect flag which shows 
whether TA has occurred with the sector used as the candidate for a lead (step S81). 
Next, the main control section 1 1 detects SYNC (step S82), and when detection is 
impossible, it starts retry processing (step S83). When SYNC is able to be detected, 
the main control section 1 1 judges whether detected SYNC(s) are whether it is the 
1st SYNC and the 2nd SYNC according to the condition of the SYNC flag from the 
notice section 15 of SYNC timing (step S84). 

[0104] When the 1st SYNC is detected, the same steps S85-S90 as step S4 in 
drawing 4 - S9 are performed. 

[0105] On the other hand, in SYNC detection, when the 1st SYNC is not detected but 
the 2nd SYNC is detected, it judges whether TA has produced the main control 
section 11 from the output of the TA detecting element 31 of the R/W channel 3 
(step S91). 

[0106] When TA has arisen (it can judge), the main control section 1 1 sets a defect 
flag to 1 (step S92), it is step S3 in drawing 4 , and only the 2nd section is led like the 
case where the 1st SYNC was not detected but the 2nd SYNC is detected after an 
appropriate time (step S93). On the other hand, when TA has not arisen, the main 
control section 1 1 leads only the 2nd section as it is, without operating a defect flag 
(step S93). 

[0107] The main control section 1 1 will start retry processing, if only the 2nd section 
is led, EDC decode actuation will be performed for the lead data and an error will be 
detected (steps S94 and S95). On the other hand, if an error is not detected, the 
main control section 1 1 will perform the defect flag check for a defect registration 
judging (step S96). If a defect flag becomes one, the main control section 1 1 will judge 
with a current sector having high possibility that TA has occurred in the 1st SYNC 
section, will register the sector concerned as a defect, will perform defect registration 
processing which assigns other alternate sectors (step S97), and will end decode 
actuation. On the other hand, if a defect flag becomes zero, the main control section 
1 1 will judge that the current sector has not generated for TA in the 1st SYNC 
section, and decode actuation will be ended as it is. 



[0108] Although the above explained the decode actuation at the time of applying the 
data format of drawing 3 (d), when the data format of drawing 3 (c) is applied (i.e., 
when not using EDC), or also when information other than the ECC cutting tool 
except data is also recorded on the 1st section, it can apply (for example, when the 
preamble is recorded also before the 2nd SYNC like drawing 10 (c)). Moreover, the 
defect registration technique applied in this 4th modification is applicable also to said 
the 1 st thru/or 3rd modification. 

[0109] Moreover, in this 4th modification, although the 1st SYNC is undetectable, 
when the 2nd SYNC is able to be detected, the existence of TA generating is 
investigated, and although explained as what sets a defect flag 1 in TA generating, it 
does not restrict to this. For example, also when neither the 1st SYNC nor the 2nd 
SYNC can detect, the existence of TA generating is investigated (when set to NO at 
step S82), in TA generating, a defect flag is set 1, and the judgment (defect flag = 
judgment of 1) of the above-mentioned step S96 is performed, and it may be made to 
carry out defect registration just before decode actuation termination. 
[0110] The [5th modification], next the modification (the 5th modification is called 
hereafter) of said 1st modification are explained. This 5th modification adds the 
defect add function which registers the sector which corresponds under certain 
conditions as a defect sector, when the phenomenon in which the 1st SYNC is 
undetectable produces continuously only the count D appointed beforehand. 
[01 1 1] Hereafter, about decode actuation in the 5th modification, drawing 1 is used 
for an example for convenience, and the case where the data format of drawing 3 (d) 
is applied is explained with reference to the flow chart of drawing 1 2 . 
[01 12] The main control section 1 1 sets a loop counter i to 0 first (step S101). Next, 
the main control section 11 detects SYNC (step S102), and when detection is 
impossible, it starts retry processing (step S103). When SYNC is able to be detected, 
the main control section 1 1 judges whether detected SYNC(s) are whether it is the 
1st SYNC and the 2nd SYNC according to the condition of the SYNC flag from the 
notice section 15 of SYNC timing (step S104). 

[01 13] When the 1st SYNC is detected, the same steps S105-S1 10 as step S4 in 
drawing 4 - S9 are performed. Here, if EDC decode actuation is performed and an 
error is not detected, it will move from the main control section 1 1 to the defect 
registration judging (step S1 18) mentioned later. 

[01 14] On the other hand, in SYNC detection, when the 1st SYNC is not detected but 
the 2nd SYNC is detected, the main control section 1 1 leads processing of steps 
S21-S23 in drawing 5 , and the same steps S111-S113, i.e., the 2nd section, 
accumulates it in a buffer RAM 14, and performs actuation which increments a loop 
counter i one time. As long as the 1st SYNC is not detected but the 2nd SYNC is 
detected, the above actuation is repeated until the value of a loop counter i is set to 
M (step S1 14). And when it comes to i=M, the main control section 1 1 is performed in 
the procedure which showed the same majority judging processing (step S1 15) as 



step S25 in drawing 5 to drawing 6 . 

[0115] By majority judging processing, the main control section 11 will perform 
decode actuation of EDC like said 1st modification for lead data d' (1) - d' (N), if lead 
data d' (1) - d' (N) is acquired, and if an error is detected, it will start retry processing 
(steps S116 and S117). 

[01 16] On the other hand, if an error is not detected, it will move from the main 
control section 1 1 to a defect registration judging (step S118), without ending decode 
actuation unlike said 1 st modification. 

[01 17] The main control section 1 1 performs the defect registration judging of step 
S1 18 based on the value of a loop counter i. That is, the main control section 1 1 
compares the constant D (however, D<= : M) beforehand determined as the value of a 
loop counter i, and judges whether a current sector is registered as a defect sector 
by whether the value of i is more than D. 

[01 18] When [ whose value of a loop counter i is more than D ] the 1st SYNC is not 
case that is, detected more than D time continuously, but the 2nd SYNC is detected 
and a lead is performed repeatedly, the main control section 1 1 registers the present 
sector as a defect sector, performs defect registration processing which assigns 
other alternate sectors (step S1 19), and ends decode actuation. On the other hand, 
when the value of a loop counter i is under D, the main control section 1 1 judges the 
present sector noting that it is not a defect sector, and ends decode actuation as it is. 
[01 19] Although the above explained the decode actuation at the time of applying the 
data format of drawing 3 (d), when the data format of drawing 3 (c) is applied (i.e., 
when not using EDC), or also when information other than the ECC cutting tool 
except data is also recorded on the 1st section, it can apply (for example, when the 
preamble is recorded also before the 2nd SYNC like drawing 10 (c)). Moreover, the 
defect registration technique applied in this 5th modification is applicable also to said 
3rd modification. 

[0120] Moreover, although it explained in this 5th modification as what repeats read- 
out from a target sector within the limit of M times as long as the condition that the 
2nd SYNC was detectable continued, although the 1 st SYNC was undetectable, it 
does not restrict to this. For example, when the 1st SYNC is undetectable, you may 
make it repeat read-out from a target sector regardless of whether the 2nd SYNC 
was detected. In this case, what is necessary is just to carry out defect registration 
of the sector concerned, if the counter j which counts the number of repeats of read- 
out from the target sector by the 1 st SYNC only not being detected apart from the 
loop counter i which counts the number of repeats of read-out from the target sector 
by the 2nd SYNC having been detected is formed and the value of this j becomes 
more than D, although the 1st SYNC is undetectable. 

[0121] In addition, although the operation gestalt including each above modification 
explained the case where this invention was applied to a magnetic disk drive, it cannot 
restrict to this and this invention can be carried out to the whole disk storage 



equipped with the disk media which apply the data format on which two or more 
SYNC(s) are recorded for every predetermined record unit, such as optical-magnetic 
disc equipment and a floppy disk drive unit. Moreover, the data format of the sector 
on the disk media applied with the above operation gestalt (record unit) is applicable 
not only to rewritable disk media but read-only disk media, such as CD-ROM. 
[0122] 

[Effect of the Invention] Using two or more SYNC(s) according to this invention, in 
order to heighten SYNC ability to detect, as explained in full detail above By having 
applied the data format by which error detecting code (ECC cutting tool) is recorded 
between the 1st SYNC and the 2nd SYNC, and the information containing all the data 
is recorded behind the 2nd SYNC Even when the 1st SYNC cannot be detected, as 
long as the 2nd SYNC can be detected, all data can be led, thereby, are comparable 
as the decoder of a general Reed Solomon code in the circuit scale list of a decoder, 
and can realize power consumption in it. 

[0123] Moreover, since the decode result was determined based on a repeat lead and 
the information acquired by majority judging when the 2nd SYNC was detectable 
according to this invention, even if the 1st SYNC was undetectable, better decode 
error probability is realizable. 

[0124] By moreover, the thing which is considered as the configuration which applied 
the data format on which the 2nd ECC cutting tool of size smaller than not only data 
but the ECC cutting tool between the 1st SYNC and the 2nd SYNC is recorded more 
back than the 2nd SYNC according to this invention Since decode actuation which 
includes an error correction by using the 2nd ECC cutting tool is performed and a 
decode result can be determined when the 2nd SYNC is detectable, even if the 1st 
SYNC is undetectable, better decode error probability is realizable. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the configuration of the magnetic disk drive 
concerning 1 operation gestalt of this invention. 

[Drawing 2] The block diagram showing the configuration of the notice section 15 of 
SYNC timing in drawing 1 . 

[Drawing 3] Drawing showing the data format of the sector (record unit) applied with 
the disk media 50 in drawing 1 as contrasted with the conventional data format. 
[Drawing 4] The flow chart which shows the procedure of the decode actuation at the 
time of applying the data format of drawing 3 (d) in this operation gestalt. 
[Drawing 5] The flow chart which shows the procedure of the decode actuation at the 



time of applying the data format of drawing 3 (d) in the 1 st modification of this 
operation gestalt. 

[Drawing 6] The flow chart which shows the detailed procedure of the majority judging 
processing in drawing 5 (step S25). 

[Drawing 7] Drawing showing the data format of the sector applied in the 2nd 
modification of this operation gestalt. 

[Drawing 8] The flow chart which shows the procedure of the decode actuation at the 
time of applying the data format of drawing 7 (a) in the 2nd modification of the above. 
[Drawing 9] The flow chart which shows the procedure of the decode actuation at the 
time of applying the data format of drawing 7 (a) in the 3rd modification of this 
operation gestalt. 

[Drawing 10] Drawing showing the modification of the data format of a sector. 
[Drawing 1 1] The flow chart which shows the procedure of the decode actuation at 
the time of applying the data format of drawing 3 (d) in the 4th modification of this 
operation gestalt. 

[Drawing 12] The flow chart which shows the procedure of the decode actuation at 
the time of applying the data format of drawing 3 (d) in the 5th modification of this 
operation gestalt. 
[Description of Notations] 

1 — HDC (disk controller) 

2 — CPU 

3 — R/W channel (a playback means, record means) 

4 — VCM/SPM control section 

5 — DE (disk enclosure) 

11 — Main control section (a repeat read-out control means, a majority judging 
means, an alignment pattern judging means, a decode actuation means, a defect 
registration means, count means) 

12 — Data format control section 

13 — ECC (error correcting code) control section (decode actuation means) 

14 — Buffer RAM 

15 — Notice section of SYNC timing (notice means of alignment pattern timing) 
31 — TA detecting element (heat asperity detection means) 

50 — Disk media 

151 — Counter 

152 — Comparator 

1 53 — Register 
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l^-aECCT^iTiE^pr^Tafe^o ftoT. SYN 
[0 0 0 9] 5K5lxVX-5'lSacDSSS§8&lg£± 



[0 0 10] 9— ?%iT£.i:tc?<-7 : '(T±<om-*>T AH 
iric^Si^-lis ECC (giyiJjE^) v o$'Jf 

(§sy&am^) ^^i^fig^tx/cEccicfcyfTiE 

pTtgTS^J*^*^^ <kC56\ SYNCSPlCttEC 
C^jgffl^tLT^&^C <t^e, SYN Cg&lCfcttSx 

C£>i§-8\ 'J h5-f«-««yigLTt»S Y 

[0 0 1 1] ^CT\ ±E&$a£M?l& n^?^ 
(C 2 OJiLhO SYNC?1(,\ S1SYNC tfttajZ 5 * 
& ^ Bl^T *> III 2 S Y N C ^ 3 £ £ 7 x - • ?© 'J 

L TP S Y N C Otf) x — 5* «IE5t IC 'J - K"f £ C <!: ttH 

l < s ■< \*—\ - m m l xm y trm&fi o z t iz n 

So 

[0012] -is. mzm^tcHoiz. tm&mtfw± 

ntf-CX^ jgtt±<D«-¥> T A «fc * x- * 

^SSro SYNC «-#-T 5 C <£: KJ: «f iJjS^i^r fc&blz 
it, JM SYNCi:m2SYNCWPJH^#<-rS^ 
S**5o Z.(Om^. SSYNCflffif-mU-y 
v-i:LTIR5i:s U->>>-^B»*lSJin U ITiE 

y n c (offimizte±mmft&& *<D±mmimiE*j 
[0013] -r i^—v-^-^v^s-siA-rsiis y- 

iaitta*ffJi*-r«. ^yrriE^*3Sfb?tiT 

[0 0 14] *5gB;3tt±feWB£%l£LT&?tl./c i t,<D 
T\ SYNC (PSB/N^-V) te&mtlltl^tbZtciblZ 
^»©S YNC^ipJfflL^*6s iB1t^»CD« 

[0 0 15] 

It, Ml SYNC (ilHIB/<ji-» MS2SYN 

c (m2i5ifiB/\^-v) *&tsmmm&m<z>m&<z>s y 

NC (IBW/^-V) !bW^LTIBSS*tls loll S 
Y N C <tm2 SYNC <fc<Df*UCx— ■S'lCfctTSSSyfTIE 
^*IB^tls SYNCfcymSJC^Kx-^© 
^T^S€r1f«*SB®*nSx-^7^-s"y h-^ilffi 
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fritinsnrcm<£mmrz sync Lrmmzmu 
?%z.tT* ! r-**m±? c©iise#« 
ic£%s YNc«iaiT«i s y Nct>mmz°zfcm-&ic 
it. z.<Dn±¥mz&vn£.-£ntct%-\ sync t& 2 

©SYNC t©IB©W»JUiE?9F***UfflLfclRyiTiE% 
«tr»WW**fic>T«WSJIl*3UeU SI SYNC 
« 5 «ffiT'**<T 1 bS2 S YNC«««ajT'#fcJS-&tC 

ttv W&&2 s y n c ck v'&zommcm-Jzm^&m 

[0 0 16] C©J:5*«fi8ltfc^T«s 5 s -* (lira 

-»*t/W «fTS2 s ync nvrnziztmictiz^ 
ztcbb. wmmmtL #s*i syn 

wyinEiw (ecc/wh ?»Vs vmmmB8aE. 

^ >?aF^©«-^« <t nsie©iH]is^«-¥>-;gfim^ 
&&mmrzct&p]m£ts:v. -f L"-s>*-*/bwi: 
JS^©m^8g«kit»LT, ma^a-¥>5SRa^«'jN*< 

[0 0 17] CCZ\ ±ES*ttJ££, gflHBSJM&fr 

6©0i^ajL^ mi sYNC6^ajT^-ricS2SY 

1M»*ft5liyiILW*ttiL1MW#«£» £©«y>gL 
R*tU LM»#«©M«c«fc y B*E»M&frS W*ffl 
T*-*lT±EB£#g:K: <fc y f?^**lfcm 2 S Y N C tfc y 

mwmz «t y »£iira*»jtr* t *» 

tOU ±E»WMls¥WT*»*, HI SYNCfiMftWT* 
■rtcfg 2 S Y N C 3b^ajT*f=jSJRs *»»W5e#«tC 

[0 0 18] C©cfc3^«fiET«, a*Ea*tt&6«> 
nyiELR^UL (HUiELy-K) 7?«*ltiar*ifcJB 

2syncj; y »5©m^@»»©« «tc*fr*^a» 
LTs ^-¥>asifta-^f^#^t%*t>©©. *yfi» 

[0 0 19] $fcs »2SYNC«fcy«5KR«*tl* 
±Ex— S» «1SYNCtS2SY 
NCt©lffl©) JJ3ECC/K h (7CS-»*VU) 
'Jx* LN-y--f X©^®^— ? {CfcTT 3 SB 2© E C C A-f h 

Si SYNC A^tti T^-TICS 2 S Y N C tfttfflT* 
*/=J«^c, SMS2SYNCJ:ym5©±fBS2EC 

cju LtcW) snEZStsQL^mftz fi^zw. 



[0 0 2 0] C©«fc5&«J$K*Sl/>Ttt* S 1 SYNC 
« t eWiT'**< Z*>Wi2 S Y N Cfi<«aiT-*«ft6tf. 
f-^M12ECC/U M*y-KT'5\ Lfctfo 

i> ssf2Ecc/Wh Ltcm y rriE^^tr^ 

[00 2 1] XTc. ±E«yiiL»S*ajL*J»#ei:^ 
»3H"J^#S*fil^.fc«fiEt. I2SYNC ©m^lClB 
S*+l*1f«*lCx-' *©ffeKlg2 ECCA'-f ht^&i 
fcflWStfcffla^fo-^ ±fiaW*f^«TH*, S&1 S 
YNC Afc&ttiT-^-ricS! 2 S Y N C AfcfcHiT^felSSk 
±E*Bt*PJ!E#«»C«l:**»SM9jaiB { fTton/!:Jidlc 
£R$ftdt*l£#&l;:<l: y ;^*tif c flffflcti©±SB 
S2ECC/K LtcMV fTiE*-gts'&m%tt* 

[0 0 2 2] C©J:3^:«fi!6lCte^Tl*, jfctCptffcS- 

t\ <fc y AtfaareM y c t # ?s *. 

o*y, *»«T , 5iffl**i*a«»f^#atts «^y 

[0 0 2 3] Ctl£TKWfc8f£3<te;fc^T, » 

2 S Y N C J: y &3 »cE»*ti5±Er ; — 5f 

y«aj^t (EDC/Wh) t$**l£<fcdU:U ±E 
«^Sf^#ST«, 8MsM61!l©-3i5£K±EE DCM-f h 

[0 0 2 4] ^©ctd^figlCfc^Tl*. EDC^lffl 
■TSfcto, 7t-77l-J!li$lilTT5iW 1 ECC 

[0 0 2 5] ±E#«lfiElcfc^Ts S 1 SYNC 

!b^tii*nfcCi:, sEUMiSl S Y N C (*«iai3'tl^:^ 

tfsi2 s y n citteiti-sntcztftmrnTZz 

±ES*#IStc <fc 'JSYNC A^tij* tlfcH faSe 
©S YNC^atJ*tlfc6^W^f 5S YNC mWi 
*-» W£¥&*:&1}Q?Zt£l\ *fc, C©SYN 
C«^#S:T-©?J^©/=i6le«. a«ES*ffitcES* 

nTs.^«iifc© sync ©§«* ejmm?s*mi£. lx. 

YNC (|emK*-» ^-Y = >^tn#IB^SlCjE<]P 
L. S3E#SlCj;y S YNCASfcmj^+lfdt^ ^-©^ 

»c±ibs y n c * y = y j rm\3pmts'<bmmi!£ tizi^z 
ma**wmw#vi'tiG sync (cwjer**^* y » 
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iPimso s y n c tf&ftztircfr&vm&fio <fc a k-t 

[0 0 2 6] fcfc. U±<D&m<DmW (xVX^IB1t£S 
[0 0 2 7] &tc*&WV> : r<<X<7tmmWte. x-fX 

^mw±<Dmm<DtEmmnLm^ sisyn c&tf m 2 

SYNC £#tr|!^ffi^<D«J&<D SYNC #«FH LT 
YNCtf«ffiT*»^it*lc»7 7 X^U7 1 -r*ai#88tc 

«tyTAo»^*«ta**ifc»'&. aaiiaMi<ft*fV 

[0028] ZOlkotemmztel^Tte. S1SYNC 

tmmtiL&mm u-klt^sisync twnBT^a 
i^c ttf&^c its ^©idtteumttttT* 

[0 0 2 9] Sfc^cWWOx-fX^EflaEW*. tVX 

sync *ntsmmm&m<D&&<D sync # krs lt 

[0 0 3 0] C(^>cfc-3*«^fc^Ttt> IB-BlilWft 
^6CDl7c^ttiL(7)^yjgLTll1 S YNCfcWJT^S: 

^>C<h^%JlLT, ^cfc^^IBS^ffit^^V^x^ h 

[003 1] 

[0032] ei 1 it*i%®<D-mffimmzm9LT<< 



-fX^KW*. ^f<MTs n-FTM-x^ny ha 

-5 (HDC) K CPU2 S R/W (U— K/5>T 
h) ***/i/3s VCM/S PM$«J»S{$4, MtVX 
^7X>^P— » (DE) 5fr6&£o — JttK* HDC 
1 s C P U 2 v R/W* + *7l/3s MVCM/SPM 

[0 0 3 3] HDCIte. HDC1i»*M»m« 
«S1K ^-*:7*--7y hSJ»ffil 2, ECC (M 
UHiEW*) feWSffl 3, M/\>77RAM1 
"T^o HDC His *TV*7x--XS$*ttLT*Xh 

3t&mZtiT3S*J. ±M«Bl l<D#J«KJ:y. *x 

cuci*. R/w^*/U3T£/$^n£U~F';:7z 

UVX*P** (RRCK) ^A^I^tl^o 
[0 0 3 4] T-^-yt-^v hfclWffil 2tt\ *Xh 

^eesstifcx-^^x^x^jifr ««t^x*) 

[0 0 3 5] E C C#Jffll!$ 1 3 its T^rX^fltttS 0A N 
«g(c-TSfci6^, IB»-r*x-* (1WBS/V#/W tc5nC 

BfU Ky***Jid«IIiES8^««aj«f7 3o fiU 
Ky*HiE7*»*/W h»fcWfPBT*«y* 

4:tc:j:y^<<D«y*PiET**««fc5(ca*c £<<B7C 

«k KyiJiERniB/^h»i:J4hU-K*7ta*o 
[0 0 3 6] /W77RAM 1 4t* v *X h^SISS* 

KSI^tlfcy-K^-^^—BSW^^U ECCS§ 

[0 0 3 7] HDCKt ±E£»J*I»1 K x-*? 
hM»SPl 2. ECCfiHHJffil 3, Stf/^yX 
7R AM 1 4t7)ffetCs m2<Dmm<DS YNC^^SV-?' 

[00 38] B2<0S YNC^-fSV^Tiifcnan 5 
L N Tv ft^V* 1 5 1 ttti. g-K'J77b>X^P7 
<7 (RRCK) £?<<X<7mW5 0±<D&-iZ<7$<DZf*J 

T y 7Ml$tf& LfcZ'fZy ^Tl £ ft z> y - K^- h 
(RG) ^A^J^ti^o 1 5 1 RGOA^I 

T'J-fey h^tl^o fll^^V^ 1 5 1 14. RRCK 

(Di£-B±^y^hy^<i:LT^^>h^T-Po -h^y* 

1 5 1 cDth^DO — Dn^IIV/^U-^ 1 5 2<DB$JA 
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Uv>X£ 1 5 3<Dffl*D0'-Dn#fflR7rft5o £<DU 
v^X* 1 5 3<OfimtC P U 2^6»SpJtBT*«o C 
:m U?X#15 3ltB, RGCDir5±#y*) x 6S 

15 2te. L^X* 1 5 3^6©A*«Ai:*'>V* 1 
5 1 fr%<D\t>mB£OtkW£'iiOo ^LTZlV/W- 
£1 5 2te, A<B(^)i:^tti^^iw31 "1" ^*UX 
not* (A^BOt*) "0" tcT^o U^X#1 5 
3<Dffl^tt, SYNC77^LTiM»1HC»fr 

[0 0 3 9] *3WWBJBTtt, mi SYNC^2SY 
NC<D20<DS YNC<?*4^ R G<0ifB±A^y 3b x 
SMI SYNC^«ffl*tl^STOWSB5BB«:L/^X* 
1 5 3lcHzv ht"*J:5KLTt^«o C*Uc<fcy* SY 
N C *«HH «*" tlfc fc*KSYNC:75 <?<Dffi&mm?Z> 
Z. £T\ " 0 " T***l«JB 1 SYNCtfv " 1 " T*tl 
«W2SYNC3B«*a**lfcCt*5IBT**o 30i.X 
±(0SYNC^St^S^ U^X££=i>m 0 U-£ 

YNCO»mtl«> RG03tB±3t?y^6Wl SY 
NCfl«ffl*tl**T<DJI!ia)»SI9IIBt. RG©3il5 
±# *J 6 IS 2 S Y N C ttj £ tl £ * T OM 2 ©If 8 

y, £©SYNC3V*ai**ifefr*W3eLT*»J:^o 
[0040] CPU2H H D C 1 > R/W*>*/l/ 
3. VCM/S PM*JWSP4, RZf 0E 5 tmm^ti 
2> 0 CPU2I1 F ROM 2 1 x MRAM2 2^ft 
£ c F R OM 2 1 iCtiv CPU2©»f^P^ix#« 

[0 04 1] R/Wft^/l/3«HDC 1 tSBWStl. 
HDC1tWf-^gS«T?o R/W9 1 * 
*/l/3ttDE5£*tt**U IB»fS^©3g«. 
©SfB^ffdo R/W^^*/U3«> EI^-e*ilB»S5 

(^-rh^*/U) (y-K***/!/) tic*: 

giJ*tl*o *fcR/W***M/3l** TA«ia3gP3 1^ 

[0 0 4 2] R/W^**;U3<DE»3R*CM:. 

RLL (Run Length Limitted) XVZI— ^ 7* 

ft£#**tl*o HDC1frSKa*tlT*ftT-* 
tt. X<7^>7^, RL Lx>Z3-^Cctyf3»tCjBL 

JWtC«tP*tl*ry T'V^Wf'S Y N C<Dx-*££ 

«r*o *WBB«Ttt. iom^^^sso)sy 

NC&JSl"«fe& 7U7y7il/*SYNCIi7-*0 
ft«©*lcf^Sft*ittHSat\ f Lis ^-Th^ 
yziV^tCcfcyNLTS (Non-Linear Transition Shif 



t) OttttfttNffcftfefe 5-f hK5-f/«cJ:y*a 
[0 0 4 3] — ^ R/W***;U3fl>S£3Rtt\ S» 

»i» (ago v -y-v^;u*-/UK (s/h) , x 
-r ^;l//7 r ^n«f3BH« (a/d) s 5SKb», v i t 
erbi (tf*fcO tVt^^ RLLt3-^ tX 
*5>7^ SYNCrVx^^^^bi^n^o 
DE 5fr6IBai*tlT*ft:H^«*tt, $^ AGCtc 

«feyy-fvWi3t«Ttoftft«, s/h, A/DK^tyy 
mmz. v i t e r b i ^^❖icjty 

*>*U RLLt^ t 1 X ^ > ? ^tC £ y £J5£2T tl 
fcr-^HDCUCgaR SYNCtVt^^ 
It V i t e r b i r-f 7^^0ttito6SYNC^i 
fflU RLLxa-yjCfeWi^-^OBJHftilWr 

[0044] R/Wft^30T A^fcfcigff3 1 W\ H 

£«#<d«* u^/u^Se^-t * C £ (C <fc y T A <0«ffl * 
ffdo CCTH*TAttaiffl3 1 Its «*U^Mj*Hfle$> 
HJ^±(ca:« £ T A tttTo 
[0 0 4 5] VCM/S PM#J»fl54tt\ *-rX=J^/U 

(VCM) 52L XtfVKiU^-* (SPM) 
5 3©»J«l*ff3o 

[0 0 4 6] DE5H R/W^**/U3£J«W3'*U 

tt % VCM/SPM»J«B4t»KStlT^*o DE 5 
f-fX^SO, ^/K5K V C M 5 2 N SP 
M5 3. Jfttf:7y7 7 V75 4*S«LTl/'5o Hm 
x^X^«#5 0 4MttT«y. MO'Vy K5 1 tfx-f 

[0047] r / * */u 3 tc<fc y ^*ftfdE»S 

D E SrtCD^y 7 , >^ , 5 4^1ftlT^\7 K5 1 

fc#ttft**u 7-fXW5 otclBii^ti^o lie, <n 
y K5 1 tcij:y^^^«f*5 0frSf?£**i/c«* 
tts ^yr>y5 4^SLTR/W9 1 ^^;U3^fg 

[0048] D E 5P^0DVCM5 21*. MK5 1«f 
<X^ft5 0±©g«fS«tcffi[S>*i6"r^/ca6tCs ^ 
*y K5 i*SRT r -rX^«f*:5 0a)¥S*lRl^»«i4'-a: 
^ 0 *fc, SPM53ttv 7VXW5 0«r 

[0 0 4 9] 7 : «c7>9m»5QT*<D'\'£<7&lZ 
B3 (a) ©<fc3tC*oT^«©3(?-HHttT** 0 fi 
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U HT*M\ yj/V^k SYNCs x-£s ED 

[0 0 5 0] 7V7>7Mt. 7i~XP7^^to/c 
A6^^6tl^o RLLr3-«c6l«7-*0!)RlllB 

sYNc*3pjfflwci:wyia*ti«o 

tcttEDC (M»J«tttMI4) StfECC («yfljE» 

») /w*w*n*o Ecc**ic*y«y*niELfc 

«fc *BllTiE«i**M^-r * C £ 
[005 1] i.X±Ka^fc(£] 3 (a) 07-^7t-7 

7K w&mgL^x^ism (hdd) task^s— us 

<£dK, 7'J7>7/k SYNC. EDCs E 

CC<BMMz:fB*J*l*o 

[0 0 5 2] 3TT\ [f£ftOfitE] ®fl?Wlfft:fi»:& 
K7I*> T<X^JIft:±<3!)«*TA4£3!?SYNCWtc 
SLCtctZ S Y N C^«ttj3»^RTIBta:«IB«te«lSr 

C4>*^> 7-*7t-7yHiB3 (b) <D&o 

fiacDS YNC^Sn S YNCWy, SgnSYNCt 
(n + 1) SYNC©BB*»n-te^5/aV < tPp.S 
d^tt-r^o fflU WMs^aVI** ««SYNC© 
*5 («»SYNC<0*«^6HZ^*»*«*T) C0S5^ 

[0 0 5 3] 1213 (b) fl57-«7*-?yh«iW 
CttCjcy. »1 SYNCj^ttT?S&t*»*T*K « 
2 S Y N C £ C £ T f-* COIESlS: y - K#rF 

[0 0 5 4] CtliC»LT**WB«T?t*^ HBtt*y 

*T»«^S««:«l«-rSftd&tC. 13 (c) *fcJ*H3 

(d) iC^fx— — >Tu/ h£*MJ!T£o £<Dt-- 
*7*-7yK0H»B, W1 -fe^> a E C C^IB 

T^-^cfcyMtcEcc/w h«*e»r*jSu:**o % 

fc\ 03 (c) «EDC^fUfflL^«'&^x-^^* 

-77 hs 113 (d) itEDc&mm?z>m'&(DT-$ 

[0 0 5 5] B3 (c) <Dx-*7*--7y h^SBffl-T 
H D C 1 fi©?»*7 hHVS 1 2 [* 

^-^<Tj«iTR/W^^*/U3t<:iBaif«^3il«-r^o 
R/wft*/i/3B, y/'v^/k wis 

YNC, B2SYNC*fflt\ ^yy 7 >^Vk UlSY 
NC, ECC/WK S2SYNC S x-^JIilCx-f 

[0 0 5 6] Site* W\3 (d) Of-^7*-77h^ 



#J»gpi2te, ECC/\Vhv t^-^s EDCCOjliTR 
31*. rtSP^<rj>yy7 7 V^Vk S1SYNC, I2S 

YNc*flii\ yy^v^/k mi sync, eccm 

*f K S2SYNC, =r-L EDCtDlHtCxVX^ji 

#50 tciss^ft* ct: 5 icffls-r 

[00 5 7] CCT^ ECCMYh&TJEDCA-l'Mi 

hdc i rt<DEcc*ij»ffli 3tc*yatfi8*n^o jm* 
ar*u Eccy^httattx-^ar/sastiftEDc 

[0 0 58] C(D^o^m3 (c) (03 (d) ) <rj>^ 

-$7t-77 h^mmr zmm-eit, sisync^ 
«ai*ti-nii2SYNC3!«itti*tifciid. Ecctiy 

- F7F?jmtiZ%h\ (<h E D C) it y — K r!b6 

CCD<h^. (tEDC) *MfflLTlBWi 

*tt-W*ft*firdCttc«fcy. «6**3titttLTB« 

*>\ «us**nj^tcfi»*a*«yw**ji»r*e: 

[0 0 5 9] WT* **35S«86(C*5L^TEI 3 (d) <Tj>x 
->7t-7v h*»BLfc£S, 0«yEDC*5pJfll 

rsfcsoa^simco^Tje^So i4iii3 (d) 

[0 0 6 0] £-T\ R/Wft*;l/3(DIS^m 7 s 

B#K. SYNC^fcB^T^o R/Wft*/l/3?SY 
NCjbWJ2ftlfc«£\ R/Wft^/b3^6HDC1 

^B*^-rsYNc«a7^^a«3-ti^o 

[006 1] HDC 1 <D£M»«n 1 te> U4(DT7P- 
h«9TSY N C*U77^««tiaU 

S2sync *&&-tzo\ t z+ftizm$*mxT*> S Y 
n c tf&ftT^tczt&Tjk Lzi^^m-giat y h^y 

(X777S1, S2) o 
[0 0 6 2] ±KMBBrtCi:SYNC3B«aT?*fe 
£SJ»8B1 HiftttlftSYNCtfJglSYNC 
T»*6\ aiS*»2SYNCT*S£6 N *. H D C He 

etteti/cEi2<D«^<Ds ync^sv^mhwpm 5 

6^6tB***l^SYNC7^y©ttlB*CJi^T, 3W> 
£3tr_wrr3 (X 7^:75 3) 0 SYNC77 

y# "o w cDH^tct*. RG£oiE^±^y^emi sy 
n c j^aarti* *-eo>ffF8«FiiBrttc sync 3»«m* 

tlfcdt^Ss f(3)«fflJtlftSYNCtt»1SYNC 

7*as«t«3e*tia. ctiic*tu sync77^ 

" 1 " (Ofll&tC(*s RG©3fB±tfy6^6JBl SYNC 
tf^xrn^^TO^B#F^^iMt/c^S Y NCtf 

^{±i^n/ce:<h^ex ^«ta*n/cs ync«S2 s 

YNCT*^<hW^7t-tL^o 
[0063] *1 S YHCt^^tltcCtmi^tl 
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>*U-Kr* (X5^y:/S4, S5) 0 fiP^ftJWSP 
1 ECCs EDC^iT^'J-Ht^ 

^IT> ^Mfflffln H*ECC*JWSP1 3£*UffiLTE 

mmxtiztv h^-iwmzA* UT77S6, s 

7) 0 ITiEpItgT^tlti; iftlWSn 1 tiECCWSPSP 

tf> E D C ffi^^T^ *J Ztircte 6ti 'J h^-f^O; 
31U:A£ Ut^7S8, S9) o «y« 5 «UJ*tia:*^ 
ofc&et;*; £#J^1 1 tt»WI^*tt:rr*o 
[0 0 6 4] CtlttotfU SYNCtttti*iJST\ Si S 

y n c jgm*bj stifw 2 s y n c tNAUztut c t mi 

JE**ifc«d, SM«W 1 HiS2SYNC Idtttt S 
LTv £MWB1 1ttJll2**S/3><oy--KT r -* 

*st»tLTEDca^w»ff«st\ uytfaiashft 

ft6»y h^JEBWCAy Ury7S11 ( SI 
[0 0 6 5] «±«s 03 (d) C0x-^^^-~^y h 

(c) cdt-$7*-^v b&mmLtcm&s o««je 
e d c KH5iT*ffl»Bto*tt-r c <h Tiaawc *hi lw 

[0 0 6 6] BI3 (d) £fct£g]3 (c) <Dt^- 

^y*ittttco^T#^^o «*itV 

<r*«"ia^lII»3B 5 Ji»63h.*t*5t6*i*o Lfctfo 

(CEITC**/^ httO±BHlttECC/t-f HMc»L 

/BLTa^ffd^lcfct^T*. SI1 VKIB 
h»<D±««*ECC/tr hfMc»LlA, 

[0067] *WBB»"«i«Lrc#a**ai"r«/£:» 

^-f SV^jlttSPI 50)»?S«. H4G>:7P— — 
h Lfc«*»ftt** F R O M 2 1 Kte«Z*-tl£l*fF 
:/p?^Z* (77-A^i7) (D^M^^THHIT? 

U-^^-»«*fir5fca60)lH!K«- E C caWIsIKlCifi 

m-rz&m&toZo ix±<Dzt&z. *mmmmiz&^ 



[0068] w 1 aamm mznffimmcDm 

1 SYNC3b^ai?ff\ JB2SYNC3H«aiT#fe» 
T**o COfcA6, «1<DHJS^d:«£*JfflSP1 10) 

[0069] j-xTx is 1 ^>«jBfiye©a#j»ft(cotN 

T> E9 3 (d) (357-^7t-?yh*ail/cS^ 

£#J»ffi /b~:/*^>£ (yu-ys») i£0 
Kt7 UT775 1 1) 0 * LT±«l»fflJ 1 1 

H4*(DZfy7S 1 titles YNCCD^ati^f 

^ Uf7?s 1 2) „ «HiT#a^Ji*(ctty 

mmiCAZ UT7 7S1 3) o SYNCtf*ffiT**fe 

Tv SYNC^-f^V^iifflSPI 5^60)SYNC77 
y<DttJBKJ:y % «fflLfcSYNC#Jfl1 SYNCTS 
£2>\ «CM**2S YNCT***fr*WS?"£ (Xf7 

ys 1 4) o 

[0 0 7 0] mi S YNClS^lBSftftl*, m4*P<D 
Xf77S4-S 9£ra«<DXT-v:7S 1 5-S20^ 

tl«, HUlBUfifim^Cfe^^X^^yS 4-S 9C0WtW 
^f77S 15-S2 OlcBt^SAS+lfclA, 

[007 1] ZtLlZMU S YNC&aUCfcl^T. Ml 
SYNC «tti * tl^SS 2 S Y N C ttffl*tlfc»** 
aEMfflBM HiS2SYNC^m«2^5/3> 
0**y-K-r* (Xx77 3 S2 1) e f LTx £#JO 
gpi 1(i«;-Kf-^*/W77RAM1 4^\e3ILT 
S«"T« UT77S2 2) o 

[0 0 7 2] ^^i*J»»1 1 tt. /Iz-^^V^ i 
H>^ [ J/>hl (X5 1 ^yS23) , W>^U 

ft (**fi|) Mttb^-r^ (XT77S24) o tU 
^7^>^ i <0««^M<fcy/h3-^«^ i <MOt1* 

losYNc^ajtc^y. -bcos^ (o$yra— Hfe^ 

[0 0 7 3] dUlLTv »1 SYNC^Wtl 

-TS2 SYNC#*£***IZ\ S2t^i/a>^'J 

osyaaHz^*6^6a)3Siwr^Miaoy- 

1 «w«««ar**»sfeW£«as-ff5 (x^^y^s 
25) o *LT3LmfflB-\ ut, &mmmmmT'& 

tcEDCa^S#^Tl\ «y^ttffl*tlfc«:6tfy h 
7^»i^AU (Xf77S2 6, S2 7) , »yjfij«« 



(10) 



#102 001-143406 



[0 0 7 4] iX±te> B3 (d) (D7-?7t-7y h 

(c) ©f->7*-?fhaWLftl*, 0*UE 
DC*?yfflLftUM»&Z ; *K H5<D7D-**-MPS 

[0 0 7 5] ±EB 5 *<D»K^J£iffll Ur 

•ILTRBT80 IBB. 211, MHB 

«U IBB^y-Kx-* : d1(1)***d1(N), 2 OS 
O'J-Hr-^ : d2(1)~d2(N), MBBOU-K 

: dM(1)-dM(N), ^RafflftSKOU-K^- 
^:d'(1)-d'(N)tfe< 0 tU Ntt«2Hz^i/3V 

[0 0 7 6] *fc % £B^Bttoj(a1.a2,-»,an)«\ al 
-ana>3*«*«*iS»«**t*4:3e«-r*o 

[0 0 7 7] ±*J»fiS1 1^ H6a)7P-^-V- htc 

fttr&o^ zmfrmfemmoimmcoxT-vys 3 1 

351 1«\ MH<0U- Kx-^tOSSj McBLT* 
ftdfcBR«WSU d'(j)**»* UT77S3 
2) o :ft(c±»Jtt)flS 1 1 tt, /U- j £1 -TV 

cticty Uf7^s3 4) , ^aawe^ou-K 

7->d'(1)-d'(N)3p*a66n«, C<oy~Kx-# 
d'(1)~d'(N)tf, H5*0$I^J£J(ra Wrv7 
S2 5) tOEDClfiWfttSSo 
[0 0 7 9] fctc. ±ELfc*»3WI3e«HTW»*ti 
fcU-K^-*£*f^<h LTEDCMi^lTo/ci: 
¥©**Ry*1fttlCO^T**.5o 
a>»IMMbum\ SgiHz^aVlcEST^/^rhS 

fctfoT. *1-b^5/3>tcE«"r*/Wh»*RTtt«: 

iay**<<s:«t'r^o m 1 ©»B«wcas^T, »i*fe 

^>a>lCE«7**£/W Hl<D±IBittECC/^ h 

aicis lia, £fc HuE^«ix»«tcEK* nfc>r u- >>' 

a>fcE»T*#*/W h»<D±IBfi«*ECC/t-< hSttu 
«U\ C<D«*. ECCC0«yiIjE«*^T*-f U 

[0 0 8 0] *r, -f U-y+-*3RIfflLTW*ff3 
fSlCO^Ts mi SYNCtfSfcttiT**^ 212 SYN 

m»5 12/WK ECOWHt*4 0/WK E 



5/v#/i/«y»3ffo. 0001^^ 

y«»tt0, 0499«hWo C<0«* EDCtC<££M 

yttffl3t?fft>tiSo 

[008 1] n 1 ©fflEWWlffl Lfca»J*mc 
*&T* s fe«yiJiE«Ston«:^fc» 1 /W HTfcKoT 

K\ *fta#jt«fi3fe»*««y«*tt^*<a«, 

<%\ M=3T*y, 3B<D«iyiKLy-»K*fT5i'rs 
htco^T3B£0y-K*1 HI^KyttfF* 

ti^^chtc^^o c<Dt*a««iyfliJW*, v'vtf/MR 

yWO. 000 10^^0. 0000 1 54^^ 
S6T<O«*»y»*0. 049 9<hhbRLTv 3«ftt± 

[0082] m 2 <o«ra«] aac. mmmmmnm 
$tDa*jaatcfct>Ts S2ecc (ecc2) *jbi/> 

07 (a) h^lfflLTt^o 
£<OT7 (a) (Dr-j'7*-7yKDm WHz 
^>a>lcE»Sft5ECC (S1ECC) tttaKc, 
MiKECC£raat4>*2 ECC (ECC2) £3f2-tr<7 

[0 0 8 3] ECCi:ECC20/^h»H 
ECOECC 2 0)B«*^fi«J:3tCK^*nTt^o 

o*y. ecc2©/whii w-rx) BECCiu* 

(>Jvf<) »5£**lTl>*o Lfe*ibTs ECC2 
©ByUjElfcfttt E C C tetb^<Ttet\ 

[0 0 8 4] ECOECC2tl/tIfilis 
->a> WOE CO tfR»£W#p«\ St»fcl/«* 

(1-p) <fey»L<*«< (p»1-p) , Lfc^o 
T E C C Ktt*T E C C 2 LTKy ITjESfi^W 

*«S46Tfi<s ECC2*ECCi:lRlfiJS. KtH** 

MKBIBIlcajK^o **\ ECC*«oTKy*ITiET 
SftlMit*4E1, ECC2*ffi-pTKy*ITiE"e*S: 
U^»**E2t-r r^ftt LT«y«ITiET*ft 
l^flppj tep*E 1 + (1 - p) *E2<h^o JTC 
T\ p»1 -pTMBfcCitfS, r^*tLTBSy*U 
jET*atS*»j tC3^LT (1-p) * E 2<rj>£#>3#J 

p * E 1 £Jt»LT«»T/htfl\ LfcAbT, 
fc*!:^ECC20yW hiS^it^ LT E 2 ^/Jn^ < Lfc 
tLT^s r^flsi:LTWy*ITiET*at^fil#j 
*<-raci:i*llLt\ ftfc. H7 (a) <D«Ttt. S 
2t*->a>K6^L E D C v ECC2<DJ« 



(11) 
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[oo8 5] ixt> m2(DmmmT(Dmm^mz'o^ 

T> 07 (a) <Dt-$7 *-7y h£3Sffi Lfc*§^£ 

[0 0 8 6] Sr^MWVl 1«x 04 4><7>X^y7S 
1 iWHWDS YNC©«Wl*ff^ (XT77S4 1) , 

S4 2) e S YNC#«fflT?Sfc«^ £«J«ff1 1»* 
H4tf^f7^S 3£IrI«McLT\ SYNC^^ = > 
STOWM 5^6fl)SYNC77^«!8WU, 
tfcSYNCtff1SYNC7^^)b\ 3tl/>tt«2SY 
NC?$^^«ft^ (X777S43) 0 
[0 0 8 7] Sg1 SYNC^«ffl*tlft»^ IH4*<E> 
Xry 4-S 9 tHiOXry 4 4-S 4 9 tf 

[0088] cnicwu sYNcettts^fc^T. mi 

S Y N Ctf*ffl**V«l2 S Y N C^«tB*tifcJi^s 

^*j»^i i«S2SYNciLiins2t^>'a> 

EDC N MECC2tf'J»K?Wv 
«B 1 1 ttJB2 E C C«Hlft*fTL\ UZE^pTtg&Ig 

T77S51, S52) 0 ITjEpI«ET**ltfs ^fflffiPSS 
1 1«ITIE^ToTEDC«^m^U, fOEDC 

UT77S5 3, S5 4) o Ry3V«ffl**l4**oft 

[0 0 8 9] J-X±tC^KfciS2<D^«yT*«. 1217 
(a) <Dt^-£^*-^ b^JSL/cif^CD^jgfP 
lCO^TK91Lfctf* H7 (b) tuTtJ:9%EDC^ 

DC*fyfBLftC\«^T**u i!807P-ft-h^6 
E DCtcBat-*»31ff#«nrci:TBI*^*ttL» 

[0090] ±K»2(&gra0»ra*. saiBjtasjBiitJt 

8LTs ECC2 (S2ECC) ^J^f^fc^tD/X- 
H^x7 7 O^P^^<l:^:^o <SU Iffi^ECCHffi 

MyWVtt* ECC2^1/K h»tCj±#JLT'h*< 

/\v hRtja^iiyw**:^*-^^ hja*o*te^^ 
issuer 

[009 1] [J(S3<D»B«] iuffi^SfcJKfgoag 

ib« 1 (Dmmmtm 2 <ommm t ^m^K-etc^o 

T\ *1SYNCtf*fflWr, *2SYNCtf«ttiT* 



mwett* mm2<Dmmtwm\,m7 (a) tc^-r 

[0 0 9 2] COR »3(DS»«!IT^a*t»mcot> 
Is H7 (a) <DT-$7*--?y h £ML/c 

[0 0 9 3] Sr£M«Pffi1 Itt, /I/-!?**:/* i ft 
OlC-fey hf* (XT77S6 1) o *LT±SJ»W1 
1 W\ SYNC<D«fflftfiV> (7x7^6 2) , 
tfTSttl/^tetfltty h^-f&JltCA^ (Xf77S6 

3) o SYNCtf«H?*fWi** £M«)8M 1BSY 
NC^^5>^W1 5^60SYNC75^«I 
K*y. «fflLfcS YNCtfSl S YNCT««i\ °E 
Uil2SYNC?^l.^fiJ^5 (Xt7?S6 

4) e 

[0 0 9 4] »1 SYNC#«ta*tlft:»*. 04^ 
Xt 1 ^ 4-S9 d:PM|(D7T77S 65-S70^ 
fifrtiZ* CtilcttU S YNC^tBtCfc^T, miS 

YNc*«ta*nrw2SYNc#tt(a*nfc»d, £ 

SJWffil 5*a)Xf7?S2 1— S2 3tlB«<7> 

7f77S7 1- S7 3^Is IPS»2W>'a>© 
^U~KLT/^777RAM1 4(C»8tU 

mi s YNc««ttui*ti-r»2 s ync*«u* 

ti^«!K3!?«<Hy. /b-^S'JV* iO«tfM<fcft£ 
*T*Hiyig*tl§ Uf77S7 4) o ^11, i=M 
£&£<fcx 3fe*J»SB1 1 liHS+^Z^y^S 2 5<tW 
«<©*«S*PJSj0S (7T77S7 5) ft, H6(Cj^L 

[0 0 9 5] ifflfflSn ltt»3ffJ*ifl«t!:J:y. U 
~Kx-*d' (D^d' (N)ftBtf#T3<fc* U- Kx-^ 
d' (D-d' (N)«»fcfc. «EJB2<0fflfB«4:nWc, 
I2ECC (7>a^«f^*ff t\ ITIE^ RflEfcK U £ C 
T^*i:WS*ti*ty H5-f»WcA* Uf77S 
7 6, S7 7) o UiERl«"?**lK, £M*W1 IttU 

T«y3^3is«asftfca6«y h^ffisicA* (xf7 

7S78, S7 9) o Kiy#*tt*tia:^ofcft6«, 

±S»JtP»1 1 ti«*HflF**T-r»o 
[0 0 9 6] J-X±tca?^fcm3<D^«yT«, El 7 
(a) <Dr-^7t-77 h**BLfc»d®»S*fE 

Kot^TKWLft^ El 7 (b) ICS**" J:55EDC^ 

^fc^x-*?*-^ h«WBLfc»*T*K 09 

[0097] ±iB»3<oxjB«y^i>t+^a*»yaw£ 
SuiBHSSjm arfWBJBK tS2<DMmm<D^ 

[0 0 9 8] tt*. ±EJS3a>«flB«t. buIBUSS^ 



(12) 



*$fpg2 0 0 1 -1 43 406 



(a) , (b) , (c) \Z7T,?t-Z7*~~-^v h*>m 

bwwb*, mi o (a) ecc/kkd-w* 

$1 -tr^>a>lClB3iU »»J©ECC/Wh**2^ 

(a) »2Hz^>'a>tclBS-r^ECCyW 

ttfflTPSy. x-^OBBft, 3EL^4EDC<D*«Tfe 

[0099] B1 0 (b) lis 30J^±(DS YNC**T 
r^iS^Ox-^^*-^^ h«S*To BI*<D8F«1 0 
1TS*tl*»»tt, SYNCtf3^1$[Ctt, ^CD 

SYNCi7»^©»tf, iSYNCS- 

s/ a vj^ucsbh* ti* tors o Tt«it>at\ 

[0 10 0] BIO (c) tev S2S YNCOSutC^y 

T\ ECOW h<7>— «#H1 0 (a) <Dt—*7*— 
Ox dl^BHI 0 (b) 07-^7t-77 hi: ra« 

fc. S2ECC (ECC2) *JBV>*«^tt* mi-tr^ 
^ a >W*MHr*5/ a vicMHWS2 E c C*E*r*itf 

[0101] [I4^ffl *(c, litl3ftSK^IBa)« 
4©JBfB«tco^TBMB"r*o c^4©SWi, fit} 
EUlWBiBKfc^TJI1 1 SYNC#ttBJT*ftl/>i:*lc 
TA#£UTV*fcStf* — £(0*fl=<Ot>tT*RS-r^ 
■fe^ftTV^x* ht^^i:lTS8n7-f7x^ 
hHfWMBSiWfflLfc^OT**, 

[0 10 2] iXTs S4(D^fJj?(Dl^(eo^ 
T> B3 (d) (Df-^7^-?7 h*SMLfc«^«" 
m\U M«U:H1«*BLT\ HI IOTP-**- 

[0 10 3] g?±Ma»1 1 U- K*Hfc4:ft*Hz 
^^TTAtf*iLTt^^^r7-<7x^ h^ 
7^0(Ct7hn (7777S8 1) o fttCffRMf 
fiPl 1«u S YNCCD&ft^T^ U777S8 2) , 
«ffl3b^#S:LMi'&tC«y h^-ffflSlCA* U777 
S8 3) o SYNCtf«HiT?*fc^ *#J»ffi 1 It* 
S YNC£<^>?al*nan 5 6>6©SYNC77^ 

ttj»tc<fcy, mmLtcs ync^h sync?«« 
*>\ a^(*jS2SYNCT*«^«w«r* (*Tvy 

S84) o 



[0 10 4] ^1 S YNCtfttfflStlfdi^s H4*£> 
[0 10 5] CftfcWU S YNC^ttHCfc^T, JB 1 

s y n ctmai'£tiTto2 s y n c*p«a*tite«d, 

i»J«l»1 1 ttR/Wf t*;l/3flDT Aams3 1 ©a 
S 9 1 ) c 

[0 10 6] tL TAtfSUTV* (tWSET**) 

jfe*J»ffl1 1li7>T7i^h77^1^7h 
L (X77^S92) % Lfr^tC^^X^y^S 
3T\ «!1 SYNC3E?«ffl*tir!ll2SYNC3^aUJ* 

nfcJs^trawtc, jB2-b^5/avo)^*y- k-t^ 

U777S93) « — ft, TA^CTl^l^ 
tt. *WWB1 1tt7V7x*h:7^y*ll^mE\ 
*©8:S:)S2**5/3V(D**y-KT£ Ut^v^S 
9 3) o 

[0107] iB»«i i a. S2-b^>a v©**y 

-Kf^ts *<3D U - Kt-* t LT E D 

l»flF*fit\ «yffttBi*tifcfcS«y h^MHKcA 
3 U777S9 4 ( S9 5) o CtUC»U RUtf* 
fflStiaft^fcftSfcf, 3zMWm 1 1 1i7<7i^ hS 
SW^(Dy-ca6<Dx^7x^ h77^I7^«T7 (X 
777S96) o fcU 7^7i^7h77Wl66 
afcSMOTPI 1 &SM£<D-fe^£tt*1 SYNCST'T 

f-<7i*hiLTMU «©«»-fe**«yysyT 

^7V7X^hfiiOI«77T (X777S9 7) , 

S§ifF^7t^o 7-f7i^h77?tf0S 

Kisa<Dt^^i*si syncw 

[0 10 8] W±lt 03 (d) ^)7-^7t~77h 

^asffi Lrcm^m^mmc-o^zmm Ltct\ m 3 

(c) (07-^7t-77 h*WBLfcil«* OS»JE 
DC*MfflLftt>*&* sE^fcfcSII -b^Va XC7-* 

ECC/W h#tt<Dlf«fcE8*ftTC^*§^ 
OBIAtf* H10 (c) CDj:3^m2 S YNCcDSutCt) 

[0 10 9] Z(Dm4<DMmmZit. $1SYN 

Ctt*fflT«ftt^fl!>fl[>, *2SYNCtf«ffir*ft» 
I^IC. TA^SiWT, T A^^^Ct^ 
7x<^ b7^?*1tc±y hr*t.<0t LTKWLfc# 
C*UuH*t><&Tl*ftlA» «!*lfl(1 SYNCMS2 
S YNCtf&fcttttiTS&^Ji* (X777S8 2^N 

(Dl«^K7V:7x^h7^£Hc*y hU a-^j«fF 



(13) 
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[0110] [»s<d«b«] mz s mem io>x^M 
■r^o jkds5(d^«u«s mi sYNcft^ajT*** 

tt. -S^ftOttT'BSnt**^^?!^ h 
■te* * 4; LTSat^f^ hBIMMg*iai)a L/c 

[0111] ixr. msommmirom.^mmz'o^ 

T. H3 (d) 0)7-*7*-7yh*ilfflLftl§* 
ttCttKH 1 *SJB LT> HI 2(0:70-**- 

[0 112] *r£*IWSl 1 tt, /U-^fctfV* i « 
OlcHfev h"T£ (Xfy7S 101), 3fctc£MMBl 
Ittx S YNC<D«ai^m> (XT77S10 2) s tt 

1 0 3) o SYNCtf«ttJT**fc»'&, aBM»»1 Itt 
S YNC*^5V?M*Qffln 5^60)SYNC77^ 
ttMHC<fcy* SSftLfcSYNCtflgl SYNCT^ 
3b\ «^tt*2SYNCTS*6**«S&r* (Xr77 
S 1 04) o 

[0 113] 311 S YNC<NHajar*lfc»«, H4*(D 

xrvys 4~~s9 tmmcoxTvys 1 o s—s i i 

^7i^higfflf U777S1 1 8) lc»* 0 

[0114] ctuaau s YNc^tBicfct^Ts mi 

SYNC ^ffi^tl-rSg 2 S Y N C tffcffiStifdi*, 
£S»J»»1 1 M5^Xfy7S2 1-S2 3<fcH« 
OXf77S 1 1 1 — S 1 1 3CD^m gp-5m2-fe^> 
aVcD^^U-HLT/^y^T'RAMl 4(e#«U ;l/ 
-Zf-hV>$ i * WV^U^>hf ^«H**?f3o fit 
±cD»#tts Ml SYNC^tli^tlTm2SYNC^ 

«yaKr*i* (xfyrs H4)„ *-lt> i = m£ 

^*JfflJgP1 1 tiEl5if^X7 1 ^^S2 5tRI« 
©#«SfcW3C»a (Xfv7S 115)*. H6tc*L 

[0115] ±fti»fipi i a#ft%fy£«n(c<i:y. y 

-K?*-*d' (1)~d' (N)«:«»-r*t, U- K^-£ 

d' (D-d - (N)*»fc»c tuiemi owBfl&nHwc. 

^-fftlSlcA* (X777S 116, S 1 1 7) o 
[0 116] -£\ IW^HiSftttfrofcttStf* ± 

««am i ttSuiem i <D&Bmttem*'ozm. j %mf?it 

»7*rK. tV7x* hMJWBE (X777S1 1 
8) 

[0 117] i*J»«1 1 tts X777S 1 1 8 4>tV 



<fc^»^»Sftfc£RD (fiU D = M) <h£Jt&U 
i <D«3^DW±T*^3b x 56HCctys SHSE^-te^**-? 

[0118] tu tv-ytfyy* \ <b«#d«±<&si 
&s osyiittLTDigw±x mi sYNc#«ffis*i 
■rm 2 s y n c ««tttts T!rtiT« y * l y - K#frfotifc 
±mwvi iiiia^^^7i^ht^ 

*tLT8»U tta>fW****MyST*x*f7x 

* haaas^troT (xf^^s 119), a^itfE 

^tcttv £*J»«n 1 ttai&cD^^ttxV^x^ h-tr 

[0 119] J-X±tt. 03 (d) (Or—fty*—-*? h 
(c) (DT-^7t-7yh^ailfcl^ OSUE 

Dc*5pjfflLa^Ji«&, ajc^ttjBi t^*>3V(C7-s 

(«5t», H10 (c) <7)<fca^»2SYNC<OSi»Ct, 

yy7 7 v^u««iBa**iT^*»^) ictawnqriB-es 

[0 12 0] £fc> CCDm5CD^«ITtt, miSYN 
Ctt*fflT*a^*©a>, W2SYNC#«tHT*fctt 

TttftlA. fflXimi SYNC3^«tBT*#S:l>Ji^C 
tts m2SYNC^«aST2ftlfc^5AHC«lM«C> 
-fe^^3b N 6<OR*ffiL*«yiSr < fc3tcLTt»J:t\ C 
m 1 S Y N C ttttfflT**^*^)©* 2 S Y N 

om*JML»&fi'yy vtzfo-y-hvy* \ ttzm 

tz s JWCJB1 SYNCfl««tH*tia:^CfcKcfc*. SSI 
[0121] I^O*«E«l*«fc*SBB«T 

it, ^mm^mgiT* xvmwfcmm ltcM^z^t 
ai^^rx^^M. 7P7 tf— r-f 

[0 12 2] 



(14) 



1fKI2 0 0 1 -1 43406 



Y N C4*ttffcb*fttt«fcttK:ttK<DS Y NCWJi L 
3S1 SYNC£$g2SYNC<h©F«aK8!iy;|£tB 
«F9 (E CC/W h) #E«tf*U I2SYNC0I5 

•y h*»lLfcC£te«fcy, S1 S Y N C#&ajT$& 
^JfS-Tt.m2 S Y N Cft^aBTS-SSSUT 1 — 5?«^T 
U- CtlK^ya^SflDlHlBaWllKftcjHH* 

[0 12 3] Sfc*»EfcJ:*ltf* 11 S YNCtfttll) 
Tt»«2 SYNC tfttUJT^ftt^tts B'JM 

L'J— K<t aMMftglgK J: y #5 ti*« ««^ra 
•wBiiisawer a * -5 tc Lfc©T\ <fc y *»aa*R u 

[0124] £fc:*3£IEKJ:;h.«; f2SYNCJ:yS 
x-^fatT-5&<. I1SYNCt$2SYNC 

t©ffifflECc/w h«fey/h*^-y-'rx©jg2©Ecc 

/W h# 5 fBS#tl57i-^77l~W h*iSfllLfc«Jffi 
£T*C4:T?» 311 S YNC**8taiT#8:<T*»8I2S 
YNCjbWiT*fc4:*tt* S2ECCA-T h^'JUT 
SCtTII y iTIE£$tr«#JSf^T -3 TAW***** 

[0E©SSig£KiE] 

[0 1 ] *»W<D-SttWg»(c**K«7 f -f X-7£«© 

[02] 01 *©S YNCS-fSV^jIftJfln 5©#tJ« 
^ft/P y-?0o 
[03] 01 fp©xVX?8M*5 OTjgfflS-n^^-?^ 
(BMUMft) <0f->7*-7>y h«BlM)f-*7* 

h£*fJtLT;5Vr0. 
[04] IllllS6^<lllcfc^T03 (d) ©x--*?*— 

[05] pussfljsgcom i omzmizjs^zw 3 (d) 



[06] 0 5 *4>$ttia¥ll£fta9 (7T77S2 5) © 

[07] BHtSBBIBOJI!2©«B«X , affl**i*-trf * 
©x—*7*— W h£^f0o 
[08] ±fSS&2©£J&0!IU:33l/'T0 7 (a) ©x~£ 

P-ft- ho 

[0 9] HHJfi^©S3<DSfl5«i^33^T07 (a) 

§,Tt7n-f t- ho 
[01 0] -b^rox-* 7 V<DWPMttt 

0o 

[01 1] ra*Jft)KJtg©«4©5Efl?«y»C*i^T03 
(d) ©x-*7*-^y h*»lLfcii£©»§*tt 

^W^r^o-x-*'- ho 
[012] RIJtfflftB©* 5 ©S^flfltcfct/^ 3 
(d) Ot*— *7*~7"y h^jSfflLfcJS^roai^SIf^ 

©#IH*/^-r7P-x + - ho 

[*J^©i&n/!] 

1-HDC (f<X73VhP-7) 

2 - CPU 

3- R/WftW (Shifts IEtl#fa) 

4- VCM/S PMWffllgP 

5- DE (fY77IV^P-v f t) 

1 1-±MfPV (MyiBLR»tULit>J«i¥»v *BSH»J 

i7t-i»m *-7>h#s) 

1 2-t-^7*-W h&MgP 

1 3-ECC (KUIJiEIW) SJWSP («*J*fF#ia) 

1 4-M'777RAM 

1 5-SYNWYSV7TMW (RUB/ 5 

3 1-TAttUff (S»7'^y7 1 -i'«Saj#l8) 
5 0-r-<77i# 

1 5 1 -rtOv* 
1 5 2 • P>/\°L'-$ 
1 5 



[07] 



Preamble 


SYNC 


ECC 


SYNC 


DATA EDC 


ECC2 


(a) 


Preamble 


SYNC 


ECC 


SYNC 


DATA 


ECC2 



(b) 



(15) 



4$M 2001-143406 



HOC 



-11 



mm 



12' 



,15 



r 



13 



SYNC 



RAM 



21 



22-- 



CPU 



FROM 



RAM 



[HI] 

3_ 



RRCK 



R/W 



TA 



VCM/SPM 



-31 



DE 



50, 



A. 



52 

J— 



VCM 



[02] 



CPU 



SYNC 5 



151 



DO D1 D2 Dn 



DO Df D2 -On 



EH 

A B 



A<B 



.152 



RACK 
RG 



SYNC 
77^ 



13] 



Preamble 


SYNC 


DATA 


EDC 


ECC 


<*) 


Preamble 


SYNC 


DATA 


SYNC 


DATA 


EDC 


ECC 


(b) 


Proambte 


SYNC 


ECC 


SYNC 


OATA 




[C) 


Pnwunbte 


SYNC 


ECC 


SYNC 


DATA EDC 



S32 




IDIOU-Ft*-* :d1(1)-d1(N) 
2HE<7?«J- K^-* :d2(1)~<J2<N) 

MBSflU- Kt*-* :<JM(1)~dM<N) 
m4(al38»"^):M»MMU a1~antf>a ***** 



(b) 



(16) 



001-143406 



[g|4] 



15] 



C START ~) 




S10 



sir 



YES 



S2 

[ 



S12 



y t>?-rMi 



S7 



S9 



[H8] 



S4 



y- k 





S13 



y K^<*a« 



— S21 




S15 








U— K 





/<v7^RAM 




( START ) 



S41 




c 



S49 



y K7<«i 



END 





S44 

( 


y- k 




y-K 






&M2 0 0 1-14 3 4 0 6 




[181 0] 



Preamble 


SYNC 


ECC 


SYNC 


ECC 


DATA 


EDC 



(a) 

101 



Preamble 


SYNC 


ECC 


SYNC 


DATA 




SYNC 


DATA 


EDC 


(b) 




Preamble 


SYNC 


ECC 


Preamble 


SYNC 


DATA 


EDC 



(18) 



2001-143406 



111] 



II 2] 



( START 

S82 









S85 








y-K 






C EM> ) 




S103 
i ^ 

[ y k?-<« 







S105 


-S111 





/<^7tRAM 



S106 



| "}~S113 r SlQ8 



S107 





,S117 



—J — 



C EMD ) 



(51) Int. CI. 7 

G 1 1 B 20/18 



5 7 0 



F I 

G 1 1 B 20/18 



(##) 



5 7 0G 



(72) RB* S# F*-Zx(#%) 5D031 AA04 EE07 FF03 

^StP»^rf3^jSBJ2TS9Sife ttit^ 5D044 BC01 CC04 DE02 DE03 DE32 

*t*2»ttl*l*3 DE68 GM23 GM26 GM27 



